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EXECUTIVE SUMMARY

Introduction

The Granite City Lead Site includes areas in Granite City, Madison and Venice, Illinois, where
lead contamination has been associated with former secondary lead smelting and lead-recycling
activities at the ML Industries/Taracorp Site. The Site includes lead-contaminated soils and waste
materials at the main industrial site as well as residential soils in areas adjacent to the industrial
property where soil contamination has been attributed to lead fallout from the smelter stack or
from battery case material used as fill material in alleys, driveways and other areas.

The Site was listed on the National Priorities List (NPL), 40 C.F.R. Part 300, on June 10, 1986.
NL Industries voluntarily entered into an Agreement and Administrative Order by Consent with
the U.S. Environmental Protection Agency (USEPA) and the Illinois Environmental Protection
Agency (IEPA) in May 1985 to implement a Remedial Investigation and Feasibility Study
(RI/FS).

Different alternatives to remediation of the Site were addressed in the resulting Feasibility Study
and its Addendum. Subsequent to the Feasibility Study, the USEPA issued a Proposed Plan for
the Site in January of 1990 and a Record of Decision (ROD) on March 10, 1990.

In addition to remedial activities associated with the industrial property, the remedy selected in
the ROD called for excavation of all residential soils and battery case materials in Granite City,
Madison and Venice, Illinois, and any other nearby communities with lead concentrations greater
than 500 ppm. The selected remedy called for consolidating all of these excavated materials with
the slag pile on the main industrial property (Taracorp pile). The consolidated materials were
then to be capped.

This report summarizes and reviews the various cost estimates which have been prepared by
Government Agencies for remedial activities in the adjacent residential areas covered by the
ROD. The report also includes an independent cost estimate for the remedial activities in the
residential areas at the current ROD. The activities associated with remediation of the main
industrial property are outside the scope of this report.

Both the Government estimates and this independent estimate are presented on an average per
property basis as well as an overall basis. In order to facilitate comparisons to each other and
to experiences at similar sites which are also presented in the report, the costs for both the
Government and independent estimates are broken out to show those associated with stack-
emission contamination (stack-emission properties) versus those resulting from the use of battery
case material as fill (remote-fill properties). In the case of the stack-emission properties, the
excavated materials were treated as special waste for disposal pricing during the independent cost
estimate development. Because of the mixture of special and hazardous waste anticipated at the
remote-fill properties, however, disposal options were included in the independent cost estimate.
These options included disposal of the hazardous waste as such versus disposal of the hazardous
waste as special waste after stabilization.
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of Findins

In REACT' s review of the Government's estimates, several areas of concern were noted. These
included:

1) The lack of consistency in the various estimates presented by the Government for
remedial efforts at the Site. Average costs for residential stack-emission properties
ranged from $ 13,900 per property to over $42,000 per property exclusive of inter- Agency
management fees which have been attached to work performed to-date. Further, the
various estimates peak at the $42,000 range, with later estimates (generated after some
of the sites had been remediated) going down to approximately an average of $33,000 per
property. This knowledge and experience base appears to be ignored, however, with the
latest estimate available from the Government rising back to the $42,000 range.

2) The lack of consistency in the number of properties included in the various Government
estimates. The number of stack emission properties discussed ranges from 1300 to 1532.
The number of remote-fill properties ranges from 16 to 105.

3) The lack of consistency of the Government estimates on the Granite City Site compared
to their experience at other residential remedial sites across the country.

4) The approach used in deciding whether a residential lot should be remediated which may
result in entire properties being remediated because of the presence of a small hot spot
rather than wide-spread stack emissions.

5) The wide variation/disparity between the total remedial cost estimates obtained by
extrapolating the Government's per property averages over the total number of properties
to be remediated versus those obtained during the independent analysis. These total
project estimates are summarized in the following table.

COST COMPARISON AT COMPLETION
GOVERNMENT-MANAGED VS PRP-MANAGED CLEANUP

Source
Government Managed**

PRP-Managed**

Stack-Emission
Properties

$66,639,799
$21,374,984

Remote-Fill
Properties

$15,745,663
$7,845,016

TOTAL*

$82,385,462

$29,220,000

* These values do not include smelter site remediation, including the battery-casing pile.
** Assumes a clean-up level of 500 ppm. The estimate for a PRP-managed clean-up at 1,000

ppm is $15,008,576.

Details of the derivation of each of these estimates are contained in the following report.
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REVIEW OF GOVERNMENT REMEDIAL COST ESTIMATES

Introduction

The available information on the various Government estimates to complete the remedial efforts
for the stack emission and remote-fill areas which are a part of the Granite City Lead Site is
summarized in chronological order on Table 1. This table includes the estimates leading up to
issuance of the ROD—from the Preliminary Feasibility Report through the Proposed Plan for the
site and a revised estimate for the selected alternative--as well as two modifications to the ROD.
Each of these modifications were issued in the form of an Explanation of Significant Difference
(ESD). The first was issued on May 7, 1993, and the second on January 27, 1994. Both of
these ESDs called for materials to be disposed of off-site rather than consolidated with the slag
pile as called for in the 1990 ROD.

Also included in Table 1 are the March 1993 Pre-Design Field Investigation Report prepared by
Woodward Clyde Consultants (WCC) for the USEPA and a November 16, 1993 memo from
USEPA's Remedial Project Manager (RPM) declaring this Pre-Design document to be the
Remedial Design Document for this site, even though it did not contain any remedial cost
information. Although CERCLA does not mandate the inclusion of a cost estimate in the
remedial design document, it is customary to do so. This is supported by the RPM's statement
in the 1/21/90 "Revised Cost Estimate for Alternative H" (see Table 1) that "more detailed costs
will be presented in the remedial design document."

Because the WCC Pre-Design report does not include cost estimates, this report relies on cost
information gleaned from a variety of government documents including USEPA memoranda,
United States Army Corps of Engineers (USACE) delivery orders for remedial efforts which
have been conducted at the site and the 1/21/94 USEPA Explanation of Significant Difference
(ESD) discussed above. All of these documents are summarized on Table 1.

As stated previously, in order to facilitate comparisons of the various Government estimates for
the Granite City Site to each other as well as to estimates for similar sites and the independent
cost estimate presented later in this document, per property remedial costs have been calculated
from the available information and presented along with the total project costs in the sections that
follow. Further, the cost estimate information is broken down into the two types of adjacent
residential area properties included in this review - stack emission properties and remote fill
(battery case) properties.

Stack Emission Properties

Cost Estimates: Table 2 presents the available Government per property and total project cost
estimate information for stack emission properties.

As Table 2 shows, the original Government estimate appeared in the "Proposed Plan for the
NL/Taracorp Site," dated January 10, 1990. This estimate of $13,900,000 was based on an
escalation of the costs which appeared in O'Brien and Gere's "Preliminary Feasibility Report"
of August 25, 1989. The Agency's escalation was performed to account for their lowering of

rafatl/i:\proj«cti\5867 Page 3



TABLE 1
SUMMARY OF GOVERNMENTAL REMEDIAL COST ESTIMATES

GRANITE CITY LEAD SITE

REPORT DATE COMMENTS
Preliminary Feasibility Report (O'Brien
& Gere for NL)

8/25/89 Selected Alternative C: Remediation of "Areas" 2 and 3 to 3
inches.
Action level of 1000 ppm in residential areas.
Cost estimate: $6.4 million

Proposed Plan for the NL
Industries/Taracorp Site
Granite City, IL (USEPA)

1/10/90 Selected new Alternative H: Remediation of "Areas" 2 - 8 to 6
inches.
Residential action level of 500 ppm.
Cost estimate: $13.9 million (Cost arrived at by EPA by escalating
O'Brien & Cere's 1989 estimate)

Revised cost estimate for Alternative H
(USEPA)

1/21/90 Corrected 1/10/90 errors.
Cost estimate: $21.3 million
1532 properties included.
Correlates to average of $13,900/lot.

Revised Final Scope of Work for Rapid
Response, NL Industries/Tara
Corporation (USACE)

1/27/93 Attachment to Delivery Order 0058, Contract DACW45-90-D-0516
from USACE to OHM Corporation, allocating $3,200,350 for
remediation of 17 properties designated as "remote fill" areas
(Average of approximately $190,000/property)

Modifications to D.O. 0058 (USACE) 7/8/93-
11/12/93

Added 23 remote fill areas at average of $130,000/property and
33 residential (special waste) lots at an average of $42,8007lot to
the scope of work, bringing total authorizations to OHM Corporation
to $7,735,440. (Exclusive of USACE mark-ups)

Explanation of Significant Differences
(USEPA)

5/7/93 Modified the ROD to require that excavated battery case material
with lead concentrations greater than 500 ppm, which pass the TCLP
test be disposed of at an off-site landfill. No cost data included.

Pre-Design Field Investigation Report
(WCC for USEPA)

3/93 Characterization data only. No costs included.
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TABLE 1 (Continued)

REPORT DATE COMMENTS
Remedial Design for the NL
Industries/Taracorp Site in Granite City,
Illinois (USEPA)

11/16/93 Memo issued by USEPA's Remedial Project Manager declaring the
September 1993 Pre-Design Field Investigation Report (see above) to
be the Remedial Design Document for the site.

Preliminary Estimate of Additional Cost
of Off-Site Landfilling of Excavated
Residential Soil (USACOE)

12/93 Estimate of "initial" $2,100,000 additional cost to landfill residential
soils rather than consolidating them with Taracorp pile. Reflects
total project cost for remediation of 1300 stack emission properties
(See listing below).

Explanation of Significant Differences
(USEPA)

1/27/94 Allows wastes from residential "stack emissions" to be disposed of
off-site as "special waste" rather than being consolidated with
Taracorp pile. Early version obtained from Granite City Library
contained revised cost estimate. Pertains to residential soils > 500
ppm only. No hazardous waste disposal included. Estimate based
on experience at site. 1300 properties included in estimate.
Cost estimate: $42,458,410 (or $32,660/lot)
Note: Includes USACE mark-ups.

Delivery Order No. 17, Contract No.
DACW-45-89-D-0506, USACE to OHM
Corporation

7/19/94 Allocates $3,008,547 for remediation of 70 residential sites. This
corresponds to an average of $42,979 per property.
Note: Does not include any USACE mark-ups for management

of contract as included in ESD estimate of 1/27/94
(above).

NOTE: Remedial Project Manager, in verbal communication, reports that no estimate has been prepared for remediation of battery-
chip areas. Further, no estimate will be prepared until ROD is reopened and a decision is reached regarding remedial
activity for these areas.
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TABLE 2
SUMMARY OF GOVERNMENT COST ESTIMATES

STACK EMISSION PROPERTIES

Source of Estimate

Original
D.O. 0058, Modification
P00005

USEPA ESD dated 1/94
D.O. 0017

Average Cost
per Property
$13,900/siteu

$42,800/site"
($46,866 with USAGE

mark-ups)
$32,660/site3-6

$42,979*
($47,062 with USAGE

mark-ups)

Estimated Cost
at Completion
$21,300,000U

$60,604,8004

($66,362,256 w/ USAGE
mark-ups)

$42,458,4 105'6

$60,858,264*
($66,639,799 w/ USAGE

mark-ups)

Note: All values represent estimates.

From EPA's revised cost estimate for Alternative H dated 1/21/90. Per property value
obtained by dividing total of $21.3 million by number of properties included (1,532).
Does not include any US ACE mark-ups for project administration.
From OHM Corporation contract with USAGE (Contract No. DACW45-89-0-0516). Per
property value obtained by dividing total of $1,411, 384 by number of properties included
(33).
No value reported by Government for total project. Value obtained by multiplying per
property cost by the average number of properties included in Government estimates (1416).
From Explanation of Significant Differences (ESD) obtained from Granite City Library
repository. Cost per property value derived by dividing total of $42,458,410 by number of
properties included (1,300).
Includes USACE mark-ups on contract fees.

From OHM contract with USACE No. DACW-45-89-D-0506, Delivery Order No. 17.

NOTE: USACE mark-ups of approximately 9.5 % over contractor's fees have been added to
remedial efforts conducted to-date.
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THE STUDY

Madison County Lead Exposure Smdy, Granite City. Illinois (hereafter referred co as
Study) is the report of a study of environmental lead exposure and blood lead concentrations
in children, youths, and adults in Granite City, Illinois, carried out by the Illinois
Department of Public Health (IDPH) in late 199 L. The primary hypothesis tested was
whether lead in soil contributed significantly to blood lead levels in children less than 6 years
old. Participants were recruited from four residential areas comprising rough concentric
rings around a closed secondary lead smelter, the NL/Taracorp site. Preliminary monitoring
data had indicated that soil lead concentrations decreased with distance from the smelter.
The innermost area is a Superfund site. Because no suitable control residential area (e.g.,
similar housing stock and similar socioeconomic status of residents) could be identified, the
four residential sampling areas served only to achieve a fairly representative range of soil
lead values. Measured soil lead values, not sampling areas, were used in the statistical
analysis.

Blood lead concentrations and the content of lead in environmental samples of dust,
paint, soil, and drinking water were the key measured lead variables. Other variables, such
as indicators of socioeconomic status (SES), condition of the exterior of the house, and
condition of the interior paint were elicited by observation or by questionnaire.

Data analysis proceeded through a series of logical steps. Bivariate analyses were
applied initially to the data from groups of children with blood lead concentrations greater
than/equal to or less than 10 ug/dl and from groups of children living in regions with
composite soil lead levels greater than/equal to or less than 500 ppm. The purpose of the
bivariate analyses was to provide a simple first screening to eliminate variables not associated
with blood lead. This preliminary data evaluation was followed by multiple regression
analyses whose purposes were (1) to help identify variables that had utility in predicting
blood lead concentrations, (2) to identify by means of maximum regression coefficient (R:)
improvement analysis the subset of variables with the greatest predictive utility, and (3) by
means of hierarchical regression modeling, to evaluate the contribution of soil lead to blood
lead and house dust lead.

The preliminary bivariate data analysis narrowed the list of potential predictor
variables to lead in indoor paint, soil lead, dust lead and dust loading, distance from the
NL/Taracorp site, parents' level of education, parents' income, variables related to smoking,
number of hours spent outdoors by the child per day, number of baths taken per week, and
the categorical variables presence/absence of air conditioning, renting/owning, condition of
exterior of residence, and refinishing of the residence within the past year or of furniture
within the past three months.

Stepwise regression analysis was used to select and assign level of importance to the
critical predictors. The two primary predictors were found to be dust lead and distance from
the smelter site, the two together accounting for 21% of the total variance in blood lead.
Other predictors were the parents' level of education, number of cigarettes smoked per day,
rent/own home, refinishing activities, ethnicity, dust load, age. drinking water lead
concentration, distance, and number of hours of outdoor play per day. Together with dust
lead and distance from the smelter site, these variables accounted for 35% of the blood lead



variance.
Hierarchical regression focused specifically on the contribution of paint and soil lead

to blood lead, using a very small set of predictor variables so as not to overadjust by
confounding. Water lead level, house paint lead levels, recent reftnishing activities, and
condition of the residence were the only potentially confounding variables introduced. House
dust was not included as a potential confounder, since it was a pathway for the two primary
lead sources, soil and paint. Soil lead alone was found to account for 3% of the variance in
blood lead, while the condition of the house and the amount of lead in paint together
accounted for about 11% of the variance in blood lead. Soil lead accounted for 6% of the
dust lead variance, while indoor and outdoor paint lead levels and the condition of the
residence together accounted for 26% of the variance in dust lead.

The conclusion is that at this site, soil was less important as an ultimate lead source
than interior and exterior paint. Both soil lead and paint lead were found to contribute to
dust lead, a pathway of exposure. Building condition was an important modifier of the
contribution of paint lead to dust lead. Paint lead levels and building condition together
accounted for about four times as much (26%) of the variance in dust lead as soil lead did
(6%).

THE COMMENTS AND THE RESPONSE

Comments on Madison County Lead Exposure Study, Granite City. Illinois (hereafter
referred to as Comments) is a detailed analysis of the study report. In general, many of the
points raised are conventional, almost textbook recommendations for the conduct of
environmental studies; however, often they miss the mark. Sometimes they do not seem to
be connected with the section of Study being commented upon at all. The fundamental
problem is that the reviewers do not seem to recognize that the study design used here was
not the conventional environmental epidemiology study design with an exposed community
group and a control group. In addition, a number of the points they raise had already been
raised and discussed by the authors of the study report, suggesting that the reviewers did not
read the report in full.

I have divided my comments on Comments in accordance with the structure adopted
in both Study and Comments. I also refer to Response to Comments of U. S. EPA Reviewers
Regarding the Granite City Lead Study Draft Report (hereafter referred to as Response).

1. IMPLEMENTATION OF STUDY DESIGN

1.1 Recruitment of Subjects

This section contains some general comments about avoidance of bias in recruiting.
The stated concern that the participation rate might have been lower in areas with higher
exposure and lower resident socioeconomic status is not supported by the observation that the
participation rate was about equal in three of the four areas, but lower in the area with the



lowest lead exposure — a point already made and discussed in Study.

1.2 Omission of Pontoon Beach Subjects

Nothing would have been gained by including the small group of Pontoon Beach
subjects, whose housing was entirely different from the housing in Granite City. A control
group was not needed for the statistical analysis used.

1.3 Resampling of Children with Elevated Blood Lead

The logic of the first paragraph is not clear. How does bias due to inclusion of
siblings follow from the "regression to the mean" problem? And what does the inclusion of
some sibling measurements have to do with the conclusion that was reached by the authors,
which was simply that counseling resulted in a drop in blood lead in those children whose
families were counseled? Those drops were almost 50%. Comments notes that in other
studies, children tested in winter have had lower blood lead concentrations, typically by
about 30%, than children who were tested at the summertime peak, and suggests that this
phenomenon invalidates the observation that counseling was followed by reductions in blood
lead. In fact. Study discusses the seasonal fluctuation in blood lead concentrations in children
in some detail, and points out that the first blood samples were taken when the time of the
summer peak was already past.

The authors of Study made no claim that they were testing a hypothesis about the
effectiveness of counseling and education in reducing blood lead. It is unnecessary for the
reviewers to outline a study that could be used to test such a hypothesis, and irresponsible for
them to suggest that "...the resampled children in the Madison County study are used to
reach some very broad and general conclusions....". The authors have not generalized from
the data from the resampled children. They have simply, and correctly, stated an
observation.

2. FIELD SAMPLING AND ANALYSIS OF SAMPLES

2.1-2.3 I have no comments on these sections.

2.4 House Condition and Paint Condition

I agree with the reviewers that clearer statements of the criteria for classification of
housing condition as good, fair, or poor would have been helpful. In addition, it is not
always immediately clear in Study whether exterior or interior paint condition, or both, are
included in a variable to be tested. These are minor points related to clarity of presentation,
unrelated to study design or conduct.

3.STATISTICAL ANALYSIS OF DATA



3.1 Dependence on Age

It is pointed out in Response that blood lead models were not adjusted for age, as the
reviewers mistakenly thought.

3.2 Inadequate Spatial Resolution of Demographics and Lead Exposure

The reviewers seem to have missed the point entirely here. They are still viewing the
study as one in which different groups are to be compared: groups that should be identical in
all respects except magnitude of lead exposure. They take issue with use of concentric
geographic rings to define subject groups, but in fact subject groups were not used in the
study. They remark that older housing may contain a disproportionate number of families
with more than one child less than 6 years old, when it was clearly stated in the report that
the study unit was the child, not the household, for most of the statistical analyses; and was
also shown that outcome was not affected by using either all children in each family, or only
the child with the highest or lowest blood lead concentration (Study, Table 13 and p. 44).
The reviewers then proceed to suggest an alternate study design, one that might distinguish
among sub-regions with different exposure characteristics. The purpose of this exercise is
not entirely clear, but it may have been to demonstrate that the percentage of children with
blood lead concentrations above lOug/dl is not uniform throughout the study area, an
observation that is interesting, but irrelevant in view of the study design. Why this is
considered by the reviewers to be "absolutely vital information," as stated in the last
sentence of this section, is also not clear.

The reviewers also point out in connection with this observation that "...distance
alone does not describe the distribution of elevated blood lead in the study area." The
authors have not claimed that it does, and again this point is irrelevant in view of the study
design.

3.3 The Regression Model

Response deals quite adequately with this silly misinterpretation.

3.4 Contribution of Soil Lead to Blood Lead and to Dust Lead

Again, the authors of Study have explained very clearly in Response the failure of the
reviewers in Comments to understand the purpose and process of hierarchical regression.

3.5 Multi-Media and Multi-Pathway Lead Exposure

Path analysis would have been one technique for dealing with these data, a technique
that the authors did not choose to use. But why do the reviewers believe that, "This
approach would be far more useful in identifying appropriate goals for environmental
intervention."? As pointed out in Response, there is again evidence in this section of
Comments that the reviewers have failed to understand hierarchical regression analysis and its



interpretation.

3.6 Individual Behavioral Variables

Response addresses this point particularly well, and sums up what I believe is the
central problem in Comments: "...adding behavioral or other variables to a hierarchical
regression model can only reduce the variance accounted for by soil. The reviewer seems to
want to find some set of variables that lead to a higher simultaneous parameter estimate for
soil, regardless of how little variance is explained by the individual variables, or how all of
the other environmental variables are affected by the factors the reviewer wants included in a
single analysis."

3.8 Multicolinearity

Another comment effectively rebutted in Response. It is pointed out that this
comment is antithetical to the previous one!

3.9 Biases Due to Predictor Measurement

Again, a "textbook" comment that is not uniquely relevant to this study. It almost
seems that the authors of Comment are attempting to provide a review of design difficulties
and statistical uncertainties inherent to all epidemiological studies, and to associate these
uncertainties with this particular study whether or not they are related to the study design and
to the use of hierarchical regression analysis techniques.

4. PRESENTATION OF RESULTS

4.1 Statistical Tables

No comments.

4.2 Graphs

The graphs in Figures 2a and 2b are perfectly clear. They are not histograms.

4.3 Maps

No comments.

4.4 Confidence Intervals

This comment is adequately rebutted in Response.



5. INTERPRETATION AND CONCLUSIONS

1. This is a matter of interpretation.

2. Child age was not entered as a monotone predictor of blood lead. This criticism is
inappropriate.

3. While clusters of cases representing elevated lead exposure were laboriously
extracted by the reviewers from the map included in Study, it is not clear what the function
of this exercise was. The negative association of distance with blood lead concentration was
documented and reported in Study (pp. 38, 49).

4. The reviewers miss the point again. The pattern of soil lead distribution was not
relevant to the study, since actual soil lead levels rather than radial distances were used in
the analysis.

5. This comment is wrong. It is effectively rebutted in Response.

6. Again, this comment is effectively rebutted in Response.

1. The comment in Response is appropriate.

8. Again, the comment in Response is appropriate.

9. This criticism is wrong. Its gratuitous suggestion that the data analysis should be
redone would be suspect if only because of the associated and wholly unsupported statement
that, "The reported results are highly compatible with the causal model we proposed in
Section 3.4, that lead in soil is an important indirect source of lead in blood through the soil-
to-dust pathway."

THE REASSESSMENT

The report. Preliminary Assessment of Data from the Madison County Lead Study and
Implications for Remediation of Lead-Contaminated Soil, by Allan Marcus (hereafter called
Reassessment), is difficult to characterize. Dr. Marcus states that this report is very
preliminary and that a more detailed report will be prepared that will describe the methods
used in the analyses and will present a complete set of results together with the basis for his
conclusions. Nonetheless, there are fundamental flaws in the analysis as it is presented here,
along with the large gaps that are to be filled at a later date.

Section 1. Here, Dr. Marcus states the goals of this data reanalysis. Two of them,
to provide site-specific information about relevant parameters and to evaluate the proposed
soil remediation level "using this recent information," are not met, as will be detailed below.



Section 2. In Section 2, Dr. Marcus reanalyzes the data from the IDPH study. The
"reanalysis" consists, first, of restatements of the fractions of the study group of children
with blood lead concentrations above specified cutoff levels, starting with 10 ug/dl. These
fractions are given in Study. It is not clear what Dr. Marcus intends to imply by repeatedly
underscoring "in the study" when he refers to households or children with particular
characteristics (points 2, 7, and 8). These restatements are followed by a series of graphs in
which the logarithms of a number of variables such as mean blood lead concentration and
environmental lead concentrations are plotted against distance from the NL/Taracorp site
within 10 concentric rings around the site, each about 1/8 mile in thickness. On the basis
that blood lead, soil lead, and dust lead all show similar patterns of decreasing concentration
with increasing distance from the NL/Taracorp site, he concludes that both soil lead and dust
lead are contributors to blood lead (point 3). However reasonable it may seem to be on the
surface, such a conclusion is absolutely unjustifiable. Simple correlations cannot support
such a conclusion. Following the detailed criticism in Comments of every aspect of the
statistical methods used in Study, Dr. Marcus' leap of faith here is particularly egregious.

Most of the remainder of his conclusions in this section are unexceptionable, although
most of them are basically restatements of the data, some of them seem to be general
statements with no necessary relationship to the present data set, and some of them verge
perilously close to personal opinion unsupported by data from the study ("Households in the
studv with the most children and the fewest resources to cope with lead poisoning are located
closest to the NL site." (italics added)). The purpose of one other statement is unclear,
however: point 9. Dr. Marcus points out that the participation rate was lower in the zone
farthest from the NL/Taracorp site, and expresses concern that the sample of children may
therefore not be representative of the community. In view of the fact that the four zones
were not ill the same size, it is not immediately clear whether this concern is justified.
However, more to the point is that such a maldistribution would, if it had any effect at all,
have skewed the distribution of blood lead concentrations in the direction of higher rather
than lower values.

On the basis, apparently, that the linear regression relationships that were so strongly
criticized in Comments are statistically significant and that the data set is similar to those
from other EPA sites, Dr. Marcus judges that these data can be used for evaluating
childhood lead exposure in Madison County.

Most troubling about this entire "reanalysis," apart from its cavalier mixing of
correlations, general statements, and personal judgment, all unleavened with any statistics
(although presumably these will be made available later), is that it is based entirely on the
distance of concentric rings from the plant site. In Comments, Section 3.2, with Dr. Marcus
as the first author, it is bluntly stated that, "The division of the study area into concentric
rings is not defensible." Surely, what was not defensible then should not be defensible now.
Unfortunately, one is left with the rather strong impression that features of the IDPH study
that were judged unacceptable when they seemed to point to one conclusion have become
acceptable when they are used to buttress a different conclusion.

Section 3. This analysis is little more than a running of the IEUBK model with its
default parameters. Site-specific exposure data were not used. One site-specific parameter



was examined in a sensitivity analysis. The statement that, "Site-specific parameters were
based on our judgment and analyses that the NL site had many points of similarity to the
calibration site, Midvale....." is disingenuous in the extreme. Midvale is a town, not an
urban community, associated with a mining site, not a smelter. That the default parameters
of the IEUBK model give a blood lead concentration distribution that is similar (although
there is considerable discrepancy in the lower tail) to the observed distribution in the Granite
City study does not imply that another set of parameters, perhaps one drat was truly site-
specific, would not give an equally good or even better match.

A small sensitivity analysis was carried out, varying the value of the soil-to-dust
coefficient using die default value and three additional values based on "statistical analyses
from study data." It is not stated what kind of statistical analysis was used. The default
value of the soil-to-dust coefficient "...was judged to be appropriate, and also provided a
very good fit to the child blood lead data...." In addition, the two larger values of the soil-
to-dust coefficient tested, including the default value, "...are more appropriate for risk
assessment, more realistic for properties of the site, and provide a good fit to the data."
Since two of the three values stated to have been generated from study data were excluded by
this statement, it is hard to see how the larger values are more representative of properties of
the site. Curiously, however, the final suggested range of soil cleanup values includes the
values generated by use of the two previously-excluded lower soil-to-dust coefficients, but"
excludes the values generated by use of the previously-recommended larger soil-to-dust
coefficients. We are not told whether the two lower soil-to-dust coefficients also gave good
fits to the distribution of children's blood lead concentrations.

The overall impression given by this entire "reanalysis" is that the recommended soil
remediation level was predetermined. The "reanalysis" is superficial and careless, and bears
little if any relationship to the data from the IDPH study.
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THE STUDY

Madison Counry Lead Exposure Study. Granite dry, Illinois (hereafter referred to as
Study) is the report of a study of environmental lead exposure and blood lead concentrations
in children, youths, and adults in Granite City, Illinois, carried out by the Illinois
Department of Public Health (IDPH) in late 1991. The primary hypothesis tested was
whether lead in soil contributed significantly to blood lead levels in children less than 6 years
old. Participants were recruited from four residential areas comprising rough concentric
rings around a closed secondary lead smelter, the NL/Taracorp site. Preliminary monitoring
data had indicated that scJ lead concentrations decreased with distance from the smelter.
The innermost area is a Superfund site. Because no suitable control residential area (e.g.,
similar housing stock and similar socioeconomic status of residents) could be identified, the
four residential sampling areas served only to achieve a fairly representative range of soil
lead values. Measured soil lead values, not sampling areas, were used in the statistical
analysis.

Blood lead concentrations and the content of lead in environmental samples of dust,
paint, soil, and drinking water were the key measured lead variables. Other variables, such
as indicators of socioeconomic status (SES), condition of the exterior of the house, and
condition of the interior paint were elicited by observation or by questionnaire.

Data analysis proceeded through a series of logical steps. Bivariate analyses were
applied initially to the data from groups of children with blood lead concentrations greater
than/equal to or less than 10 ug/dl and from groups of children living in regions with
composite soil lead levels greater than/equal to or less than 500 ppm. The purpose of the
bivariate analyses was to provide a simple first screening to eliminate variables not associated
with blood lead. This preliminary data evaluation was followed by multiple regression
analyses whose purposes were (1) to help identify variables that had utility in predicting
blood lead concentrations, (2) to identify by means of maximum regression coefficient (R:)
improvement analysis the subset of variables with the greatest predictive utility, and (3) by
means of hierarchical regression modeling, to evaluate the contribution of soil lead to blood
lead and house dust lead.

The preliminary bivariate data analysis narrowed the list of potential predictor
variables to lead in indoor paint, soil lead, dust lead and dust loading, distance from the
NL/Taracorp site, parents' level of education, parents' income, variables related to smoking,
number of hours spent outdoors by the child per day, number of baths taken per week, and
the categorical variables presence/absence of air conditioning, renting/owning, condition of
exterior of residence, and refinishing of the residence within the past year or of furniture
within the past three months.

Stepwise regression analysis was used to select and assign level of importance to the
critical predictors. The two primary predictors were found to be dust lead and distance from
the smelter site, the two together accounting for 21% of the total variance in blood lead.
Other predictors were the parents' level of education, number of cigarettes smoked per day,
rent/own home, refinishing activities, ethnicity, dust load, age, drinking water lead
concentration, distance, and number of hours of outdoor play per day. Together with dust
lead and distance from the smelter site, these variables accounted for 35% of the blood lead



variance.
Hierarchical regression focused specifically on the contribution of paint and soil lead

to blood lead, using a very small set of predictor variables so as not to overadjust by
confounding. Water lead level, house paint lead levels, recent refinishing activities, and
condition of the residence were the only potentially confounding variables introduced. House
dust was not included as a potential confounder, since it was a pathway for the two primary
lead sources, soil and paint. Soil lead alone was found to account for 3% of the variance in
blood lead, while the condition of the house and the amount of lead in paint together
accounted for about 11% of the variance in blood lead. Soil lead accounted for 6% of the
dust lead variance, while indoor and outdoor paint lead levels and the condition of the
residence together accounted for 26% of the variance in dust lead.

The conclusion is that at this site, soil was less, important as an ultimate lead source
than interior and exterior paint. Both soil lead and paint lead were found to contribute to
dust lead, a pathway of exposure. Building condition was an important modifier of the
contribution of paint lead to dust lead. Paint lead levels and building condition together
accounted for about four times as much (26%) of the variance in dust lead as soil lead did
(6%).

THE COMMENTS AND THE RESPONSE

Comments on Madison County Lead Exposure Study, Granite dry, Illinois (hereafter
referred to as Comments) is a detailed analysis of the study report. In general, many of the
points raised are conventional, almost textbook recommendations for the conduct of
environmental studies; however, often they miss the mark. Sometimes they do not seem to
be connected with the section of Study being commented upon at all. The fundamental
problem is that the reviewers do not seem to recognize that the study design used here was
not the conventional environmental epidemiology study design with an exposed community
group and a control group. In addition, a number of the points they raise had already been
raised and discussed by the authors of the study report, suggesting that the reviewers did not
read the report in full.

I have divided my comments on Comments in accordance with the structure adopted
in both Study and Comments. I also refer to Response to Comments of U. S. EPA Reviewers
Regarding the Granite City Lead Study Draft Report (hereafter referred to as Response).

1. IMPLEMENTATION OF STUDY DESIGN

1.1 Recruitment of Subjects

This section contains some general comments about avoidance of bias in recruiting.
The stated concern that the participation rate might have been lower in areas with higher
exposure and lower resident socioeconomic status is not supported by the observation that the
participation rate was about equal in three of the four areas, but lower in the area with the



lowest lead exposure — a point already made and discussed in Study.

1.2 Omission of Pontoon Beach Subjects

Nothing would have been gained by including the small group of Pontoon Beach
subjects, whose housing was entirely different from the housing in Granite City. A control
group w-js noc needed for the statistical analysis used.

1.3 Resampling of Children with Elevated Blood Lead

The logic of the first paragraph is not clear. How does bias due to inclusion of
siblings follow from the "regression to the mean" problem? And what does the inclusion of
some sibling measurements have to do with the conclusion that was reached by the authors,
which was simply that counseling resulted in a drop in blood lead in those children whose
families were counseled? Those drops were almost 50%. Comments notes that in other
studies, children tested in winter have had lower blood lead concentrations, typically by
about 30%, than children who were tested at the summertime peak, and suggests that this
phenomenon invalidates the observation that counseling was followed by reductions in blood
lead. In fact, Study discusses the seasonal fluctuation in blood lead concentrations in children
in some detail, and points out that the first blood samples were taken when the time of the
summer peak was already past.

The authors of Study made no claim that they were testing a hypothesis about the
effectiveness of counseling and education in reducing blood lead. It is unnecessary for the
reviewers to outline a study that could be used to test such a hypothesis, and irresponsible for
them to suggest that "...the resampled children in the Madison County study are used to
reach some very broad and general conclusions....". The authors have not generalized from
the data from the resampled children. They have simply, and correctly, stated an
observation.

2. FIELD SAMPLING AND ANALYSIS OF SAMPLES

2.1-2.3 I have no comments on these sections.

2.4 House Condition and Paint Condition

I agree with the reviewers that clearer statements of the criteria for classification of
housing condition as good, fair, or poor would have been helpful. In addition, it is not
always immediately clear in Study whether exterior or interior paint condition, or both, are
included in a variable to be tested. These are minor points related to clarity of presentation,
unrelated to study design or conduct.

3.STATISTICAL ANALYSIS OF DATA



3.1 Dependence on Age

It is pointed out in Response that blood lead models were not adjusted for age, as the
reviewers mistakenly chought.

3.2 Inadequate Spatial Resolution of Demographics and Lead Exposure

The reviewers seem to have missed the point entirely here. They are still viewing the
study as one in which different groups are to be compared: groups that should be identical in
all respects except magnitude of lead exposure. They take issue with use of concentric
geographic rings to define subject groups, but in fact subject groups were not used in the
study. They remark that older housing may contain a disproportionate number of families
with more than one child less than 6 years old, when it was clearly stated in the report that
the study unit was the child, not the household, for most of the statistical analyses; and was
also shown that outcome was not affected by using either all children in each family, or only
the child with the highest or lowest blood lead concentration (Study, Table 13 and p. 44).
The reviewers then proceed to suggest an alternate study design, one that might distinguish
among sub-regions with different exposure characteristics. The purpose of this exercise is
not entirely clear, but it may have been to demonstrate that the percentage of children with
blood lead concentrations above lOug/dl is not uniform throughout the study area, an
observation that is interesting, but irrelevant in view of the study design. Why this is
considered by the reviewers to be "absolutely vital information," as stated in the last
sentence of this section, is also not clear.

The reviewers also point out in connection with this observation that "...distance
alone does not describe the distribution of elevated blood lead in the study area." The
authors have not claimed that it does, and again this point is irrelevant in view of the study
design.

3.3 The Regression Model

Response deals quite adequately with this silly misinterpretation.

3.4 Contribution of Soil Lead to Blood Lead and to Dust Lead

Again, the authors of Study have explained very clearly in Response the failure of the
reviewers in Comments to understand the purpose and process of hierarchical regression.

3.5 Multi-Media and Multi-Pathway Lead Exposure

Path analysis would have been one technique for dealing with these data, a technique
that the authors did not choose to use. But why do the reviewers believe that, "This
approach would be far more useful in identifying appropriate goals for environmental
intervention."? As pointed out in Response, there is again evidence in this section of
Comments chat the reviewers have failed to understand hierarchical regression analysis and its



interpretation.

3.6 Individual Behavioral Variables

Response addresses this point particularly well, and sums up what I believe is the
central problem in Comments: "...adding behavioral or other variables to a hierarchical
regression model can only reduce the variance accounted for by soil. The reviewer seems to
want to find some set of variables that lead to a higher simultaneous parameter estimate for
soil, regardless of how little variance is explained by the individual variables, or how all of
the other environmental variables are affected by the factors the reviewer wants included in a
single analysis."

3.8 Multicolinearity

Another comment effectively rebutted in Response. It is pointed out that this
comment is antithetical to the previous one!

3.9 Biases Due to Predictor Measurement

Again, a "textbook" comment that is not uniquely relevant to this study. It almost
seems that the authors of Comment are attempting to provide a review of design difficulties
and statistical uncertainties inherent to all epidemiological studies, and to associate these
uncertainties with this particular study whether or not they are related to the study design and
to the use of hierarchical regression analysis techniques.

4. PRESENTATION OF RESULTS

4.1 Statistical Tables

No comments.

4.2 Graphs

The graphs in Figures 2a and 2b are perfectly clear. They are not histograms.

4.3 Maps

No comments.

4.4 Confidence Intervals

This comment is adequately rebutted in Response.



5. INTERPRETATION AND CONCLUSIONS

1. This is a matter of interpretation.

2. Child age was not entered as a monotone predictor of blood lead. This criticism is
inappropriate.

3. While clusters of cases representing elevated lead exposure were laboriously
extracted by the reviewers from the map included in Study, it is not clear what the function
of this exercise was. The negative association of distance with blood lead concentration was
documented and reported in Study (pp. 38, 49).

4. The reviewers miss the point again. The pattern of soil lead distribution was not
relevant to the study, since actual soil lead levels rather than radial distances were used in
the analysis.

5. This comment is wrong. It is effectively rebutted in Response.

6. Again, this comment is effectively rebutted in Response.

7. The comment in Response is appropriate.

8. Again, the comment in Response is appropriate.

9. This criticism is wrong. Its gratuitous suggestion mat the data analysis should be
redone would be suspect if only because of the associated and wholly unsupported statement
that, "The reported results are highly compatible with the causal model we proposed in
Section 3.4, that lead in soil is an important indirect source of lead in blood through the soil-
to-dust pathway."

THE REASSESSMENT

The report. Preliminary Assessment of Data from the Madison County Lead Study and
Implications for Remediation of Lead-Contaminated Soil, by Allan Marcus (hereafter called
Reassessment), is difficult to characterize. Dr. Marcus states that this report is very
preliminary and that a more detailed report will be prepared that will describe the methods
used in the analyses and will present a complete set of results together with the basis for his
conclusions. Nonetheless, there are fundamental flaws in the analysis as it is presented here,
along with the large gaps that are to be filled at a later date.

Section 1. Here, Dr. Marcus states the goals of this data reanalysis. Two of them,
to provide site-specific information about relevant parameters and to evaluate the proposed
soil remediation level "using this recent information," are not met, as will be detailed below.



Section 2. In Section 2. Dr. Marcus reanalyzes the data from the IDPH study. The
"reanalysis" consists, first, of restatements of che fractions of the study group of children
with blood lead concentrations above specified cutoff levels, starting with 10 ug/dl. These
fractions are given in Study. It is not clear what Dr. Marcus intends to imply by repeatedly
underscoring "in the study" when he refers to households or children with particular
characteristics (points 2, 7, and 8). These restatements are followed by a series of graphs in
which the logarithms of a number of variables such as mean blood lead concentration and
environmental lead concentrations are plotted against distance from the NL/Taracorp site
within 10 concentric rings around the site, each about 1/8 mile in thickness. On the basis
that blood lead, soil lead, and dust lead all show similar patterns of decreasing concentration
with increasing distance from the NL/Taracorp site, he concludes that both soil lead and dust
lead are contributors to blood lead (point 3). However reasonable it may seem to be on the
surface, such a conclusion is absolutely unjustifiable. Simple correlations cannot support
such a conclusion. Following the detailed criticism in Comments of every aspect of the
statistical methods used in Study, Dr. Marcus' leap of faith here is particularly egregious.

Most of the remainder of his conclusions in this section are unexceptionable, although
most of them are basically restatements of the data, some of them seem to be general
statements with no necessary relationship to the present data set, and some of them verge
perilously close to personal opinion unsupported by data from the study ("Households in the
smdv with the most children and the fewest resources to cope with lead poisoning are located
closest to the NL site." (italics added)). The purpose of one other statement is unclear,
however: point 9. Dr. Marcus points out that the participation rate was lower in the zone
farthest from the NL/Taracorp site, and expresses concern that the sample of children may
therefore not be representative of the community. In view of the fact that the four zones
were not all the same size, it is not immediately clear whether this concern is justified.
However, more to the point is that such a maldistribution would, if it had any effect at all,
have skewed the distribution of blood lead concentrations in the direction of higher rather
than lower values.

On the basis, apparently, that the linear regression relationships that were so strongly
criticized in Comments are statistically significant and that the data set is similar to those
from other EPA sites. Dr. Marcus judges that these data can be used for evaluating
childhood lead exposure in Madison County.

Most troubling about this entire "reanalysis," apart from its cavalier mixing of
correlations, general statements, and personal judgment, all unleavened with any statistics
(although presumably these will be made available later), is that it is based entirely on the
distance of concentric rings from the plant site. In Comments, Section 3.2, with Dr. Marcus
as che first author, it is bluntly stated that, "The division of the study area into concentric
rings is not defensible." Surely, what was not defensible then should not be defensible now.
Unfortunately, one is left with the rather strong impression that features of the IDPH study
that were judged unacceptable when they seemed co point to one conclusion have become
acceptable when they are used to buttress a different conclusion.

Section 3. This analysis is little more chan a running of the IEUBK model with its
default parameters. Site-specific exposure daca were not used. One sice-specific paramecer



was examined in a sensitivity analysis. The statement that, "Site-specific parameters were
based on our judgment and analyses that the NL site had many points of similarity to the
calibration site, Midvale,...." is disingenuous in the extreme. Midvale is a town, not an
urban community, associated with a mining site, not a smelter. That the default parameters
of the IEUBK model give a blood lead concentration distribution that is similar (although
there is considerable discrepancy in the lower tail) to the observed distribution in the Granite
City study does not imply that another set of parameters, perhaps one that was truly site-
specific, would not give an equally good or even better match.

A small sensitivity analysis was carried out, varying the value of the soil-to-dust
coefficient using the default value and three additional values based on "statistical analyses
from study data." It is not stated what kind of statistical analysis was used. The default
value of the soil-to-dust coefficient "...was judged to be appropriate, and also provided a
very good fit to the child blood lead data...." In addition, the two larger values of the soil-
to-dust coefficient tested, including the default value, "...are more appropriate for risk
assessment, more realistic for properties of the site, and provide a good fit to the data."
Since two of the three values stated to have been generated from study data were excluded by
this statement, it is hard to see how the larger values are more representative of properties of
the site. Curiously, however, the final suggested range of soil cleanup values includes the
values generated by use of the two previously-excluded lower soil-to-dust coefficients, but
excludes the values generated by use of the previously-recommended larger soil-to-dust
coefficients. We are not told whether the two lower soil-to-dust coefficients also gave good
fits to the distribution of children's blood lead concentrations.

The overall impression given by this entire "reanalysis" is that the recommended soil
remediation level was predetermined. The "reanalysis" is superficial and careless, and bears
little if any relationship to the data from the IDPH study.
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PREFACE

The Guidance Manual has been developed to assist the user in providing appropriate
input to the Integrated Exposure Uptake Biokinetic (IEUBK) Model for Lead. The IEUBK
Model is designed to model exposure from lead in air, water, soil, dust, diet, and paint and
other sources with pharmacokinetic modeling to predict blood lead levels in children
6 months to 7 years old. This manual emphasizes the use of the EEUBK Model for
estimating risks from childhood lead exposure to soil and household dust that might be
encountered at CERCLA/RCRA sites, although other applications of the model are possible.
The manual provides background information on environmental exposure parameters and
recommends some useful approaches that allow flexibility for site-specific risk assessments,
where possible. Default parameters are recommended unless there is sufficient data to
characterize site-specific conditions. A separate Appendix on sampling is being developed
and will be issued later. A Technical Support Document details the basis for tbe biokinetic
parameters and equations in the IEUBK Model. In addition, EPA is continuing to compare

'the results of Meld studies with model predictions and will release these findings in a later
• document.

One of the proposed uses of this model will be support for the implementation of an
Interim Directive of the Office of Solid Waste and Emergency Response (OSWER). This
Interim Directive explains how the IEUBK Model results can be a tool for the determination
of site-specific cleanup levels. In this context, the model is viewed as a predictive tool for
estimating changes in blood concentrations as exposures are modified. The model is also
viewed as a useful tool that should aid the Agency in making more informed choices aboui
the concentrations of lead that might be expected to impact human health.

The development of the model has included the cooperative efforts of several EPA
programs over nearly a decade. For the last three yean, these efforts have been coordinated
by the Technical Review Workgroup for Lead. During its development, the model has
undergone review by outside scientists, and its usefulness has been evaluated t> EPA staff,
contractors, and other reviewers assessing site-specific risk. The current version of the
IEUBK model and the Guidance Manual incorporates many of their lecommendations.

The use of mathematical and statistical models for environmental risk assessment has
become increasingly widespread because of the many practical difficulties encountered in
controlling human exposure to toxicants with subtle and long-lasting effects. Exposure to
lead during infancy and childhood increases the risk of irreversible neurobehavioral deficits

ui



at levels of internal exposure as low as 10 to 15 m Pb per 100 mL of blood (10 to
15 Mg/dL). Lead has many known sources, and many pathways from its environmental
sources into the child's body (U.S. Environmental Protection Agency, 1986). The
Environmental Protection Agency has long been interested in methods for relating
environmental lead concentrations to blood lead concentrations in children. Earlier
approaches based on statistical correlations provided e*v«riai information on the existence
and magnitude of childhood lead uptake from persistent exposure to different environmental
sources, including lead in air, diet, drinking water, soil, dust, and lead-based paint.
Unfortunately, these statistical relationships are limited in their ability to estimate the effects
of alternative lead abatement methods that change pathways as well as sources.

In 1985 the EPA Office of Air Quality Planning and Standards began to develop an
alternative approach for estimating the effectiveness of alternative National Ambient Air
Quality Standards for lead, particularly around point sources of air lead emissions such as
smelters. This was a computer simulation model with two components: (1) a model of the
biokinetics of lead distribution and elimination whose parameters vary with the child's age,
and (2) a multi-source and multi-media lead exposure model in whkh air lead concentrations
change over time. The biokinetic model was based on studies at New York University by
Naomi Harley, Theodore Knetp, and Peter Malloo. Tha U.S. Environmental Protection
Agency Clean Air Science Advisory Committee (CASAQ reviewed and found acceptable the
OAQPS staff report documenting the model in 1989. A subsequent OAQPS staff paper
reviewing the National Ambient Air Quality Standard for Lead, which included results of
applying the model to point sources of air lead such as smelters and battery plants, was also
evaluated by CASAC in 1990 (U.S. Environmental Protection Agency, 1990B).

Those who had been involved in developing the lead model then received a large and
growing number of requests on applications of the model in a wide variety of other contexts
not originally intended for model use. The largest number of these requests involved the use
of the modal to estimate the effects of soil lead abatement at Superfund sites.

The air model was further developed to include «•»*••""••"•"•• in absorption and
biokinetics. In November, 1991, the Indoor Air Quality and Total Human Exposure
Committee (IAQTHEC) of EPA's Science Advisory Board (SAB) reviewed the Uptake
Biokinetic Model for Lead (version 0.4) and evaluated its use in assessing total lead
exposures and in siding in developing soil cleanup levels at irsidrnrial CERCLA/RCRA
sites. The Committee's Report was transmitted to EPA Administrator William K. Reilly in
March, 1992. The Committee concluded that white refinements in the detailed specifications



of the model would be needed, the approach followed in developing the model is sound. The
Committee stated that the model can effectively be applied for many current needs even as it
continues to undergo refinement for other applications, based upon experience gained in its
use.

The Committee was concerned that the reliability of the results obtained using the
model is very much dependent on the selection of the various coefficients and default values
that were used. In particular, the Committee identified the need for guidance on the
"proper" geometric standard deviation (GSD) and the use of default values for other
parameters. In addition to these general comments, specific comments were included in the
Report. The comments of the SAB and other reviewers have been considered in this revision
of the Guidance Manual.

Since the SAB review, EPA has further refined the model. The four main components
of the current IEUBK model are: (1) an exposure model that relates environmental lead
concentrations to age-dependent intake of lead into the gastrointestinal tract; (2) an absorption

. model that relates lead intake into the gastrointestinal tract and lead uptake into the blood;
-<3) a bioltinetic model that relates lead uptake in the blood to the concentrations of lead in
several organ and tissue compartments; and (4) a model for uncertainty in exposure and for
population variability in absorption and biokinetics. A Technical Support Document that
details the selection of parameters and equations in the model is available.

As with any multicompartmental model, pools in the compaitmental analysis can be
identified with specific organs or organ systems only if biological concentrations of the
compartments are known. For some compartments, the biological concentrations have been
measured at a number of time points so that the movement of lead from one compartment to
another can be «frim«*«H The biokiaetic and absorption components of the model, however,
are not observed directly but are inferred from accessible data.

In developing the IEUBK Model, EPA has teamed much from "real world"
comparisons of blood lead and predicted values—not only that the model works, but also that
it can be made to work better. Guidance on the appropriate use of the model is based on our
experiences, where possible, and on the experiences of many users and reviewers of the
model. Many of the most useful parts of the Guidance Manual have been suggested by these
reviewers.



While the model has been used to support the NAAQS for Lead, the Clean Water Act
national regulations, and several other regulatory and enforcement issues, EPA is continuing
its validation of the EEUBK Model with detailed evaluation of additional data collected from
different types of sites. Comparison of predicted and empirical blood lead concentrations
will be described in the Field Study Data Set Comparisons Document described in
Section 1.2.2.

Although EPA is releasing version 0.99d of the IEUBK Model to ensure consistent
application among users, the Agency will continue to evaluate the results of validation
exercises and different applications of the model. The Environmental Protection Agency will
determine periodically whether refinements to the model are wananted, considering scientific
advancements and the development of alternative approaches.

The Environmental Protection Agency welcomes the suggestions of those using the
IEUBK model. Questions regarding the site-specific application of the IEUBK Model should
be raised with the appropriate Regional Toxics Integration Coordinator. Comments on the
technical content of the manual or suggestions for its improvement may be brought to the
attention of the Technical Review Workgroup for Lead, whose current addresses are listed on
page xxi.

VI
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GLOSSARY OF MODEL TERMS

Absorbed dose - The amount of a substance penetrating an absorption barrier (the exchange
boundaries) of an organism, via either physical or biological processes.

Absorption barrier • Any of the exchange barriers of the body that allow differential
transport of various substances across a boundary. Examples of absorption barriers are the

•skin, lung tissue, and gastrointestinal tract wall.

Accuracy - The measure of the correctness of data, as given by the difference between the
measured value and the true or standard value.

Ambient - Surrounding conditions.

Ambient measurement • The measurement (usually of the concentration of a chemical or
pollutant) taken in an ambient medium, normally with the intent of relating the measured
value to the exposure of an organism that contacts that medium.

Ambient medium - One of the bask categories of material surrounding or contacting an
'organism (e.g., outdoor air, indoor air, water, or soil) through which chemicals or pollutants
can move and reach the organism. (See biological medium, environmental medium.)

Arithmetic mean • The sum of all the measurements in a data set divided by the number of
measurements in the data set.

Background level (environmental) - The concentration of substance in a defined control area
during a fixed period of time before, during or after a data gathering operation.

Bias • A systematic error inherent in a method or caused by some feature of the
measurement system.

BioavatlabiUty - The fraction of intake at a portal of entry into the body (hing, gut, skin) that
enters the blood. Bioavaikbility is typically a function of chemical properties, physical state
of the material that an organism ingests or inhales, and the ability of the individual organism
to physiolcticaDy absorb the chemical. The absorption rate varies widely by type of
substance ^d can greatly influence the ttnddty of lead over that acute timeframe.

Btotinetics - processes affecting the movement of molecules from one internal body
compartment to another, including elimination from the body.

Biological measurement • A measurement taken in a biological medium. For the purpose of
exposure assessment via reconstruction of dose, the measurement is usually of the
concentration of a chemical/metabolite or the status of a biomarker, normally with the intent
of relating the measured value to the internal dose of a chemical at some time in the past.
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(Biological measurements are also taken for purposes of monitoring health status and
predicting effects of exposure). (See ambient measurement.)

Biological medium - One of the major categories of material within an organism (e.g., blood,
adipose tissue, or breath) through which chemicals can move, be stored, or be biologically,
physically, or chemically transformed. (See ambient medium, environmental medium.)

Body burden - The amount of a particular chemical stored in the body at a particular time,
especially a potentially toxic chemical in the body as a result of exposure. Body burdens can
be the result of long term or short term storage, for example, the amount of a metal in bone.
the amount of a lipoyhilic substance such as PCB in adipose tissue, or the amount of carbon
monoxide (as carboxyhemoglobin) in the blood.

Comparability • The ability to describe likenesses and differences in the quality and relevance
of two or more data sets.

Compartment - A distinct anatomical organ, tissue, fluid pool, or group of tissues within the
body that are regarded as "kinetically homogeneous."

Dose - The amount of a Bifrffrnre available for interaction with metabolic processes or
biologically significant receptors after crossing the outer boundary of an organism. The
potential dose is the amount ingested, inhaled, or applied to the skin. The applied dose is the
amount of a substance presented to an absorption barrier and available for absorption
(although not necessarily having yet crossed the outer boundary of the organism). The
absorbed dose is the amount crossing a specific absorption barrier (e.g., the exchange
boundaries of skin, lung, and digestive tract) through uptake processes; internal dose is a
more general term denoting the amount absorbed, without respect to specific absorption
barriers or exchange boundaries. The amount of the chemical available for interaction by
any particular organ or cell is termed the delivered dose for that organ or cell.

Environmental medium - One of the major categories of material found in the physical
environment that surrounds or contacts organisms (e.g., surface water, ground water, soil, or
air) ^rvi rhyrmgh which chemicals or PoMwtiptT ^flp move niK* reach the organisms. (See
ambient medium, biological medium.)

Exposure - Contact of a cheaiiral, physical, or biological agent with the outer boundary of an
organism. BHrirtiiif is tJpmft^(fA as the concentration of the *fgnt in the medit \ in contact
integrated over the time duration of that contact.

Exposure pathway - The physical course a chemical or pollutant takes from the source to the
organism exposed.

Exposure route - The way a chemical or pollutant enters an organism after contact (e.g. , by
ingestion, inhalation, or dermal absorption).
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Exposure scenario - A set of facts, assumptions, and inferences about how exposure takes
place that aids the exposure assessor in evaluating, estimating, or quantifying exposures.

Geometric mean - The nth root of the product of n values. Also, the exponential function of
the mean or expected value of the natural logarithm of a variable.

Geometric standard deviation (GSD) • The exponential function of the standard deviation of
the natural logarithm of a variable.

Guidelines • Principles and procedures to set basic requirements for general limits of
acceptability for assessments.

Intake • The process by which a substance crosses the outer boundary of an organism without
passing an absorption barrier (e.g., through ingestion or inhalation). (See also "potential
dose").

Internal dose • The amount of a substance penetrating across the^absorption barriers (the
exchange boundaries) or an organism, via either physical or biological processes.

Matrix - A specific type of medium (e.g., surface water, drinking water) in which the analyte
of irterert may be contained.

Median value - The value in a measurement data set such that half the measured values are
greater and half are less.

Monte Carlo technique • A repeated random sampling from the distribution of values for
each of the parameters in a generic (exposure or dose) equation to derive an estimate of the
distribution of (exposures or doses in) the population.

Pathway - The physical course a chemical or pollutant takes from the source to the organism
exposed.

Pharmacotinetics • The study of the time course of absorption, distribution, metabolism, and
excretion of a foreign •*•*••«« (e.g., a drug or pollutant) in an organism's body.

Potential dote ~ Hie amount of a chemical contained in material ingested, air breathed, or
bulk material applied to the skin.

Precision - A measure of the reproducibility of a measured value under a given set of
conditions.

Probability samples - Samples selected from a statistical population such that each sample has
a known probability of being selected.

Random samples • Samples selected from a statistical population such that each sample has an
equal probability of being selected.
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Range • The difference between the largest and smallest values in a measurement data set.

Reasonable worst case exposure or risk range - The lower portion of the "high end" of the
exposure, dose or risk distribution. The reasonable worst case conceptually should be
targeted at above the 90th percenule in the distribution, but below about the 98th percentile
("maximum exposure or risk range").

Representativeness - The degree to which a sample is, or samples are, characteristic of the
whole medium, exposure, or dose for which the samples are being used to make inferences.

Risk - The probability of deleterious health or environmental effects.

Route - The way a chemical or pollutant enters an organism after contact (e.g., by ingestion,
inhalation, or dermal absorption).

Sample - A small part of something designed to show the nature or quality of the whole.
Exposure-related measurements are usually samples of environmental or ambient media,
exposures of a small subset of a population for a short time, or biological samples, all for the
purpose of inferring the nature and quality of parameters important to evaluating exposure.

Scenario evaluation - An approach to quantifying exposure by measurement or estimation of
both the amount of a substance contracted, and the frequency/duration of contact, and
subsequently Uniting these together to estimate exposure or dose.

Structural Equations Model • A statistical model of a process in which several regression
equations are solved simultaneously, and outputs or responses from one equation may be
used as inputs or predictors in another equation. Useful in pathway modeling.

Surrogate data - Substitute data or measurements on one substance used to estimate
analogous or corresponding values of another substance.

Uptake - The process by which a substance crosses an absorption barrier and is absorbed into
the body.

XXVI



1. BEFORE YOU START

1.1 BACKGROUND: PURPOSE AND DEVELOPMENT OF THE
MODEL

The Integrated Exposure Uptake Bioltinetic (IEUBK) Model for Lead in Children is a
stand alone, PC compatible software package. It allows the user to ^mat* for a
hypothetical child or population of children, a plausible distribution of blood lead
concentrations centered on the geometric mean blood lead concentration predicted by the
model from available information about children's exposure to lead. From this distribution,
the model calculates the probability that children's blood lead concentrations will exceed the
user selected level of concern (default 10 Mg/dL). The user can then explore an array of
possible changes in exposure media that would reduce the probability that blood lead
concentrations would be above this level of concern.

The model should be viewed as a tool for making rapid calculations and recalculations
of an extremely complex set of equations that includes scores of exposure, uptake, and
biokinetic parameters. This Guidance Manual concisely describes key features of the
conceptual underpinnings of tac IEUBK model, its evolution and development, its
capabilities, and its limitations. The Manual then goes on to offer guidance on the use of the
model as a risk assessment tool while cautioning against a number of possible misapplications
of the model. A detailed description of the equations and parameters used in the model is
provided in the Technical Support Document: * Parameters and Equations Used In the
Integrated Exposure Uptake Biokinetic Model for Lead in Children (a companion document
to this Guidance Manual).

1.1.1 Description of the Model

The IEUBK Model is a simulation model. As a risk assessment tool, it can be a useful
component of remediation strategies for lead in the human environment. The simulation of
childhood lead exposure and retention is only one part of the risk assessment process. It is
important to note that the model alone does not determine the level of cleanup required for a
specific site. Rather, it predicts the likely blood lead distribution for children given the
exposure to lead at that site, and the probability that children exposed to lead in that
environment will have blood lead concentrations exceeding a health-based level of concern
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Blood lead concentrations are not only indicators of recent exposure, but also are the
most widely used index of internal lead body burdens associated with potential health effects
Health effects of concern have been determined to be associated with childhood blood lead
concentrations at or below 10 Mg/dL (U.S. Environmental Protection Agency, 1986, 1990;
CDC, 1991). The probability that children will have blood lead levels exceeding this level
of concern is an important consideration for a risk assessor in compiling and evaluating all
information applicable to a site to enable remediation decisions.

The EEUBK model can be applied at several different scales of application, but the
interpretation of the model output and the form of the model or subsequent risk estimates is
different for each application. In most uses of the model, a site is a spatial domain that is
appropriate for remediation decisions, typically a residential yard with a single housing unit,
or an equivalent area for multi-unit buildings or for undeveloped lots. The home and its
surrounding yard is the basic unit for risk analysis because lead exposure for pre-school
children commonly occurs within this domain. In Sections 1.4.4.2 and 4.2 we will describe
an array of applications of the IEUBK model based on aggregating clusters of sites. The
array is:

A: One location
Al: one living unit, one child;
A2: one living unii, mure than one child;
A3: more than one living unit, more than one child, homogeneous media

concentrations;

B: Multiple locations, one neighborhood, homogeneous media concentrations

C: Multiple locations, one neighborhood, heterogeneous media
concentradoos;

D: Multiple locations, more than one neighborhood, heterogeneous media
concentrations;

In 1'itffpiy A, risk is ctlcvMftf** as the probability that, in a single child at a single site
with the specified exposure scenario, the child's blood lead concentration will exceed the
level of concern. The probability distribution describes the likely variaoility in blood lead
for a child with a given exposure scenario. The best single-number prediction of blood lead
concentration is the geometric mean of the distributkxl of bkxxl kad concentrations that may
occur for a child with the specified exposure scenario. This single-child assessment is used
to evaluate remediation options on a house-by-house or yard-by-yard basis.
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In categories B, C, and D, a frequency distribution of the individual risk of exceeding a
blood lead level of concern is obtained. The percentage of children in multiple sites that are
likely to have a blood lead concentration exceeding the level of concern can then be
calculated. For category B, where all children of the same age have the same exposure
scenario, this can be done with a single run of the IEUBK model. For categories C and D,
where distinct subgroups have different exposure scenarios, risk must be calculated by
aggregating the results from a number of model runs. Risk estimation for more than one
neighborhood, for category D, has the added complication that a variety of model parameters
may differ between neighborhoods, and within each neighborhood. Therefore, environmental
lead concentrations may differ between neighborhood subgroups.

1.1.2 Simulation of Childhood Lead Exposure and Retention

Lead is a naturally occurring nonnutrient metal that follows"environmental pathways
-similar to those of nutrient metals such as calcium. In the human environment, these

pathways or routes of exposure transfer lead from sources such as food, drinking water, air,
soil, and dust, to the human body by means of ingestion or inhalation. There are important

^analogies to be made between lead and calcium that contribute to our understanding of the
'biological behavior of lead. These analogies have aided in the formulation of the lead
model. In particular, the nature of gut absorption of lead and calcium may be similar.
Childhood growth and development of bone and soft tissue which require calcium influence
the uptake of environmental lead from die gut In addition to similarities in absorption, both
lead and calcium are stored in quantity and subsequently released from bone tissue.

Shown conceptually on Figure 1-1, inhaled or ingested lead is absorbed through the
lungs or gut into the blood stream where it is transferred to body tissues, including bone
tissues. After a period of time, this lead returns to the blood stream where it is transferred
to other tissues or »KmiMt»d with urine. Lead may also be rtiminafixl from the body with
sweat, hair or Hm&** epidermal tissue, or it may be transferred through the liver *nd bile
duct back to the gut where it puses out of the body with feces.

In Figure 1-1, the oval shapes show environmental lead media, and some of the
pathways between them. The large rectangle shows the compartment that is central to lead
distribution in the child, the blood plasma pool and associated extra-cellular fluid. Each
lower rectangle shows a compartment in the child's body where lead may be retained. The
excretion of lead from the body is shown by the circles.
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Figure 1-1. Conceptual diagram of the movement of enTironmcotal lead into and
through the human body. The oral shapes show environmental media and
the pathways of uptake. The large rectangle is the blood plasma
compartment central to the distribution of lead in the body.

The foundation of die present IEUBK model is die contraction of a detailed and
thorough exposure scenario for children aged 0 to 84 months that can be adjusted to match
the expo"re of any chfld. The user starts with exposure infoimation specifk to these
children and accepts generalized assumptions about any additional information required to
complete the exposure scenario. The site-specific information usually consists of
environmental media concentrations such as soil lead concentrations.

The model inserts default values whenever she-specific information is not used. The
default values (e.g., dietary lead concentrations and consumption values) are typical of a
child's environment in the sense that they are broad-based estimates of the expected
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environment of a child. These default values are not necessarily appropriate for every site
and should be reviewed by the user for every site-specific application.

This model uses standard age-weighted exposure parameters for consumption of food,
drinking water, soil, and dust, and inhalation of air, matched with site-specific concentrations
of lead in these media, to estimate exposure for the child. The model simulations represent
chronic exposure and do not incorporate the variability in consumption patterns and media
concentrations on a daily or seasonal basis. The model includes continuous growth of the
child and simulates the changing environment of the child on a yearly basis. In theory, the
exposure component of the model would apply to a single child or to any number of children
with the sam-r !xd exposure scenario. With the proper subsdtution for media concentrations,
the exposure component (but not the btokutetic component) would also apply to any other
substance with sources and pathways of exposure similar to lead.

The model simulates lead uptake, distribution within the body, and elimination of lead
from the body. The uptake portion of the model takes into consideration two mechanisms of
absorption of lead in the digestive tract: saturable and non-saturable. Elimination of lead is
modeled through several routes: urine, gastro-intestinal excretion, and sloughing of
epidermal tissue, including hair and nails.

1.1.3 Historical Evolution from Slope Factor Models to the IEUBK Model

An explicit mathematical method for flsrimating the likely risk of elevated blood lead
concentrations in young children has previously been used by the Environmental Protection
Agency as one of its tools for developing the National Ambient Air Quality Standard for
Lead and the National Primary Drinking Water Regulation for Lead. The method has
historically been based mainly on an fsrhnarioti of relationships between lead concentrations
in children's blood and lead concentrations in specific individual environmental media such
as air, water, sofl and doit, based on empirical observations derived from experimentally
controlled human exposure, animal toxicoiogkal studies, and epidemiological analyses. Such
relationships also provide a basis for furimtting the probability that elevated blood lead
concentrations exceed a level of concern due to exposure to environmental lead in d*ese
media.

A mathematical approach of this type was used to evaluate potential alternative air lead
standards based on health effects criteria (U.S. Environmental Protection Agency, 1977,
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1978, 1989a). The relationship between blood lead and lead in environmental media was
estimated statistically, both for adults and children (U.S. Environmental Protection Agency,
1986, 1989a). While the relationship was somewhat non-linear at blood lead concentrations
above about 40 ugltiL in adults and 30 p&/dL in children, it was nearly linear at lower blood
lead concentrations of interest. The relationship between blood lead and environmental lead
concentrations in different media (air, water, soil, dust, food) was »*imaf«H using a model
linear in lead concentrations. The linear regression coefficients between blood lead and lead
in each of the environmental media have since become known as the slope factors for the
media.

As more evidence has become available, it has become clear that these slope factors can
not be regarded as univenal constants that are the same everywhere, for all children at all
sites. Some of the problems involved in the use of slope factors have been discussed by the
U.S. Environmental Protection Agency (1989a) and by Brunekreef et al. (1984). In the
development of unproved lead models (U.S. Environmental Protection Agency 1986, 1989a),
the following points were discussed:

(1) Slope factors are a function of many factors: media ingestion rates;
bioavailability and absorption of lead from the medium; and biological
kinetics of lead retention and elimination in the child. Biological and
physical differences between sites and study populations cannot be
incorporated explicitly and quantitatively into regression slope factors
from different studies.

(2) Slope factors for a single medium, such as lead in air or lead in soil, may
provide only a very incomplete picture of total lead exposure from a
particular source, even if the source is identified with the medium.
A «»»ffi* mMfoii such as household dust may <*niitHMi lead from many
sources, and lead from a single source such as exterior lead-based paint
may contribute to several exposure media pathways to the child.

Thereto, in 1983, the BPA Office of Air Quality Planning and Standards (OAQPS)
initiated a project that would aflow the calculation of blood lead concentratioos in children
exposed to differing arrays of concentrations of lead in air, soil, and dust. This model,
called the Uptake/Biokinetic (or UBK) model for lead, was a computer simulation model
based on the biokinetic model for lead in children developed by N. Barley and T. Kneip
(1985). The biokinetic parameters for the UBK model were extrapolated from long-term
feeding studies on infant and juvenile baboons (Malloo, 1983), autopsy data on human
children, human infant feeding studies, and other sources. The exposure model that was
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coupled to the biokinetic model was developed by OAQPS. Model calibration and validation
was done using data from the 1983 EPA/CDC/Montana study on children in East Helena,
Montana, who lived in the vicinity of a large primary lead smelter. The modeling approach
was reviewed and approved by EPA's Clean Air Science Advisory Committee (CASAC) in
1990.

The overall framework of both the UBK and ffiUBK models is shown in Figure 1-2.
The oval shapes show environmental lead concentrations and the funnel-shaped symbols show
lead intake from the environment at the portals of entry, the lung and the gut. These are the
exposure/intake components of the EBUBK model. The next large rectangle shows the gut
not only as the main portal of entry for lead from most exposure media, but also as the site
for key absorption/uptake components of the EEUBK model for the evaluation of lead from
soil, dust, diet, and drinking water. The very large rectangle shows the child's blood lead,
partitioned into plasma-extracellular fluid and red blood cells. The two boxes to the right of
the blood lead pool sketch the bone and soft tissue pools, and the elimination pathways are

"Shown as circles. The right-hand box shows the blood lead concentration in the child, and
nhe subdivisions show the estimated contribution of each medium to the child's blood lead
^concentration. In the example in Figure 1-2, we have assumed that all external lead media
'• have been used in the IEUBK model, as have all internal lead sources. There is no
unattributable component called "background". The attribution of specific fractions of blood
lead to uptake from specific media is not as subject to statistical artifacts, since pathways
from soil lead and air lead to dust lead are also included in the IEUBK model.

In all particulars, the present version of the model, the IEUBK model, may be
considered an enhancement and extension of the UBK model. Theoretically, in situations
where the child has constant loaf-term or chronic lead exposure, both the slope factor
approach and the UBK model (DOW die IEUBK model) should produce similar results when
sufficient data exist to correctly characterize lead exposure, absorption, and bioltinetics.

The IEUBK Model addresses three emerging paradigms of environmental risk
assessment.

(1) Assessments thf* recognize the multimedia nature of exposures to
environmental toxicants are a tignificant improvement in assessing health
risks. Awssnvnti restricted to single pathways of exposure can overlook
situations where integrated multinm^** exposures are high f*<o"gh to
trigger health concerns. The kid model is structured to integrate
exposures occurring through air, water, food, soil, and dust in estimating
the blood lead levels in children in realistic environmental settings.
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Figure 1-2. Components of the IEUBK Model, showinf enTironmeatal exposure sources
and pathways, absorption compartments, critical body tissue
compartments, and elimination pathways.

(2) Ptannî Til̂ 1*^ to******* <*« aUMgriiaB tha vaHdky of environmental
health assessments in comparison with more traditional methods that
address only external dose or intake of a compound. Internal measures of
dose that are pertinect to the biolofical effects exerted by a compound
toon an improved metric for risk assessment The IEUBK estimates of
blood lead concentrations as an internal indicator of potential health risk
are based on pharmacoldnetic modeling of lead absorption, transport,
redistribution, and elimination.

(3) Environmental assessments need to address the substantial variability in
exposure and risk resulting from these factors. Single point estimates of
exposure or risk are <* limited utility. Individuals differ in their
surroundings, behavior, and physiological status. The Lead Model
addresses variability through the estimation of probability distributions of
blood lead levels for children exposed to similar environmental
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concentrations of lead. Through systematic application of the model, data
on the variability of levels of environmental lead contamination can be
translated into estimates of the distribution of blood lead levels within
populations of children.

1.1.4 Using the IEUBK Model for Risk Estimation

The IEUBK Model for lead is designed to facilitate: (a) rapid delineation of the
relationship between environmental lead and blood lead in children; and (b) calculation of the
risk of elevated blood lead (i.e., the probability of a given child or a group of children
having blood lead concentrations exceeding a specified level of concern). As such, the
IEUBK Model provides a tool for site-specific risk assessment for young children exposed to
lead from different media and through different pathways in their environment, with
particular emphasis on lead in air, water, soil, and household dust. Many other applications
are possible. The intended applications of the IEUBK model are to:

(1) Provide a summary of children's long-term, primarily residential,
exposure to lead;

(2) Provide a best estimate of the geometric mean blood lead concentration
for a typical child aged 6 to 84 months, assumed to reside at a given
residence;

(3) Provide a basis for estimating the risk of elevated blood lead (i.e., for
exceeding a designated blood lead concentration of concern) for a
hypothetical child of specified age with given site-specific mridrntial lead
exposure;

(4) Provide a basis tor estimating the risk of elevated blood lead
concentrations among early pediatric populations in a given neighborhood
by aggregating the individual residential risk cstiniarra;

(5) Predict likely changes in risk of elevated blood lead concentrations from
re to soil, dust, water, or air tead following abatement actions

to reduce exposure levels from one or more environmental
media;

(6) Provide ^Miffanre in determining appropriate soil or dust lead target
cleanup levels at specific residential sites;
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(7) Provide assistance in estimating blood lead concentrations associated with
soil or dust lead concentrations at undeveloped residential sites that may
be developed in the future.

Each of these applications is discussed in more detail in Chapters 2, 4, and 5. The EEUBK
model has been used for many purposes in addition to those for which it was originally
intended. We are sure that the IEUBK model will continue to be used in many unintended
and unexpected applications, just like any other new tool that has multiple uses. Some of
these new applications are valid, others are demonstrably invalid, and the validity of many
applications is simply unknown.

The risk estimates are calculated for a hypothetical child or a hypothetical population of
children who could be occupying the specific household at the time of the measurements or
at some future time. The IEUBK model can therefore be used to estimate the risk of
elevated blood lead even when there are no children currently living at a house, or if there
exist only environmental lead data for the dwelling unit. The model does not require that a
neighborhood or community blood lead study be carried out The uaer should be aware that
a site-specific risk assessment requires site-specifk soil and dust concentrations, and some of
the absorption parameters may depend on specific characteristics of the soil and dust at the
site. The IEUBK model accepts user inputs for she-specific differences in bioavailability of
lead in different media, and site-specific differences in environmental lead pathways for
different lead sources.

1.1.5 Validation of the IEUBK Model

What does it mean to say that a computer simulation model is "valid"? In general, we
interpret this to mean that:

• the node! is biologically and physically plausible and incorporates the best
available empirical data on parameters; ,

• the model uses numerically accurate algorithms and the accuracy of the
computer codes for these algorithms has been verified;

• the model provides some satisfactory empirical comparisons of model
output with real-world data.

We believe that the scientific basis and computational correctness of the IEUBK Model is
sound, and that the IEUBK model provides valid prediction of observed blood lead
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concentrations from rcpresentive populations of children with typical exposure. The
empirical comparisons in which there are differences between observed and predicted blood
lead concentrations underscore the importance of valid exposure scenarios as input. They
also show the importance of valid blood lead data from truly representative population
sampling methods when interpreting these empirical comparisons.

1.1.5.1 The Model Is Biologically and Physically Plausible
The parameters and equations used in the model are documented in the Technical

Support Document: Parameters and Equations Used in the Integrated Exposure Uptake
Biokinetic Model for Lead in Children. The exposure model component is based on data for
human children in most instances, with lead exposures that are g*mnKtfristic of children in
the U.S. since about 1980. The ingestion parameters are based on surveys for drinking
water and tap water (Ershow and Cantor, 1989), market basket e*imat»« of dietary intake
(Pennington, 1983; Gartrell, 1986), and on observational studies-of soil and dust ingestion
for children in the U.S. (Binder et al., 1986; Calabrese et al., 1989, 1992a,b, 1993; Davis

~et al., 1990). While these studies have not resolved all of the uncertainty in childhood lead
exposure, especially from sources such if lead-based paint, they have provided a much more
realistic basis for quantitative modeling. Hie exposure component of the IEUBK model
.extends the UBK model assumptions (U.S. Environmental Protection Agency, 1989a) that
have been reviewed by CASAC (1990).

An absorption component was developed for the IEUBK model based on evidence
discussed in Section 4.1. This evidence includes in vivo data in infant and juvenile baboons
and human infants whose intake of lead is observed and known (Mallon, 1983; Sherlock and
Quinn, 1986). The model has two modes for absorption, satunble and oon-saturable. In the
non-saturable mode, absorption of lead is a constant fraction of the total lead ingested for a
specific medium. The utrniMf mode follows die Michaelis-Menten kinetics for saturable
absorption as proposed by Aongst and Fung (1981). Development of the algorithm is also
based on data from lead balance and feeding studies in human infants and children
(Alexander, 1974a,b; R>- et al., 1983, 1983; Ziegter et al., 1978).

The cotnpartmental structure of the earlier biokinetic model is based on compartmental
models for lead in adults as discussed in detail in the Air Quality Criteria Document for Lead
(U.S. Environmental Protection Agency, 1986). The model was verified and extended based
on studies in infant and juvenile baboons (Mallon, 1983) whose age (5 to 26 months) and
size (2.5 to 6 kg) are only slightly smaller than those of human children. The biokinetic
distribution and elimination parameters use ratios of lead concentrations in tissues and blood
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following chronic exposure. The ratios of lead concentrations in tissues of human children
from autopsy data (Barry, 1975, 1981) were used to adjust the baboon's biokinetic
distribution parameters to human infants and children (Harley and Kneip, 1985). The
biokinetic parameters for baboons were re-estimated using the compaitmental structure of the
current IEUBK model (Marcus, 1992). The tissue-to-blood concentration ratios from the
human child autopsy data were incorporated in the EEUBK model, assuring complete
consistency with the best available data.

1.1.5.2 The Model b Computationally Accurate
The IEUBK model uses a fast and accurate one-step numerical integration method

known as 'backward Euler', with user-adjustable time steps to verify numerical accuracy of
the solution. Coding of the model equations was verified by a separate receding of the
model in another programming language. Independent code verification will be described in
forthcoming Technical Memoranda (see Section 1.2.2).

1.1.5.3 Empirical Comparisons of the Modal
Comparison of the IEUBK model output with empirical human blood lead data has two

requirements. The first requirement is that the child's total lead exposure is completely and
accurately characterized by the empirical data, including site-speciAc data on environmental
lead concentration, media injcsticn, and bioavailabUity. The second requirement is that the
blood lead data from the Meld study are accurate and typical for that exposure scenario.
A typical child may not have the exposure described by the measured and default parameters
of the model, or a child may also respond atypically to the measured and default parameters.
The solution is to find the correct set of parameters (measured or site-specific alternatives to
default) that describes the child's site-specific exposure or response to exposure.

Environmental lead concentrations and blood lead measurements are subject to
measurement coon such as repeat sampling variability and analytical error. Without careful
attention to qnattty assurance/quality control (QA/QQ procedures, there may be systematic
biases in blood lead measurements. The nsnmTof the blood le*. field study may also differ
from the model prediction* for typical children if the blood lead sample is not representative
of the population being sampled.

Validation by empirical comparisons with paired data sets of good quality is an ongoing
process. In earlier versions of the model, empirical comparisons indicated satisfactory
agreement between observed and predicted blood lead conccntntirnn. Several data sets have
been identificed that are of adequate data quality for evaluating the validity of the IEUBK
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Model, and more data sets are expected to become available in the future. The Field Study
Data Set Comparisons document referred to in Section 1.2.2 will discuss the results of these
analyses. Comparisons of empirical data with the IEUBK model require appropriate site-
specific exposure scenarios, valid assumptions about bioavariability, and demonstrated
representativeness of the sample of children recruited into the study in relation to the target
population from which they were drawn.

Our preliminary analyses of several data sets so far indicate that the model satisfactorily
predicts blood lead concentrations for the overall sample populations in specific
neighborhoods. Further analyses will be needed to determine if empirical comparisons are as
strong for subpopulations defined by factors such as differences in age, differences in contact
or behavior that affected the amount of soil ingested, suspected or possible differences in
bioavailability, differences in contribution of soil to household dust, and identifiable biases in
recruitment of children. More extensive evaluation of these data<sets will be described in the

-Field Study Data Set Comparisons document described in Section 1.2.2.

Careful determinations should be made by users with regard to how well default values
specified by this manual for key exposure and demographic parameters apply to the particular

^sample of children (or subpopulations) being evaluated. Appropriate adjustments made in
pertinent default values may notably improve the fit of the model to empirical data. We
caution the user not to arbitrarily select alternate values for the default parameters, but rather
to obtain site specific or population specific data on important parameters.

1.2 ORGANIZATION OF THE MANUAL

1.2.1 Increasing Levels of Guidance and Technical

This manual is <* "̂f»*^ to provide you witf 'he information you need at several levels
of detail. The further you read into manual the more specific guidance you will find for
using the model. By the time you have finished reading Chapter 1, you should have a
general understanding of how the model works and what ft can do. Yon may want to install
the model and then work your way through Chapter 2 as you become more familiar with
each feature of the model. Instructions for installing the model are found in Section 2.4.

As you explore the various features of die model, you will become famfliar with the
menus and their options. An overview of the menu system is in Section 2.1, and a detailed
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description of these menus can be found in Section 2.2. This is the section that the novice
user will want to follow closely. In a guided tour through the menu system, you will find
that each menu option becomes a part of the process of constructing a model "run," and that
these runs may be as simple as determining the blood lead concentration using only default
exposure conditions, or as complicated as neighborhood risk estimation calculated as the sum
of individual risks. Many of these options were suggested by comments received during the
extensive review of drafts of this Guidance Manual.

As you begin to apply the model to a specific risk assessment situation, you will find
that Section 2.3 contains detailed recommendations for building an exposure scenario. This
section also contains a helpful worksheet for planning model runs. Follow this section
closely, as it contains many helpful suggestions on the appropriate use of the model, as well
as warnings of improper applications. In Chapter 4, you will find a detailed discussion on
assessing the relationship between soil/dust lead and blood lead. This chapter also describes
the biokinetics of the model and specific issues in the use of the model for the ingestion of
paint chips. If you need more help, turn to Chapter 5, where several specific examples are
available to guide you through some of the more complicated procedures. As you become
more experienced, you win find Chapter 3 a quick and ready reference to the various menu
options. This chapter also contains a comprehensive review of default parameters.

1.2.2 Additional Documentation

Additional technical documents are or soon will be available to supplement the IEUBK
Model and this Guidance Manual. These are:

• Technical Support Document: Parameters and Equations Used in the
Integrated Exposure Uptake ^k r̂fr***** Model for Lead in Children—a
ihn ihJkm and documentation of all equations and parameters in the model;

• FUtf Study Data Set Comparir is—a description of several validation
exardaei that have been or will shortly be carried out;

• Sampling Manual—approaches and protocols for environmental and
biological sampling for collection of data compatible with the IEUBK
Model;

• Technical Memoranda—occasional technical updates that will be released to
explain some features in greater detail or to alert the user to possible
misapplications of the model.
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1.3 GETTING READY TO USE THE MODEL

1.3.1 Preparing a Site-Specific Exposure Scenario

The use of the IEUBK model requires input data that are appropriate to the site(s) and
subject(s). The most convenient way to do this is to construct a multi-media, site-specific
exposure scenario using the exposure scenario worksheet (Figure 2-11; see Section 1.4.3).

For most assessments of lead-contaminated soils, the minimal site-specific data are the
soil lead and indoor dust lead concentrations for the residential exposure unit. Additionally,
it would be neiprul to include estimates of specific exposures from diet, drinking water, air,
maternal exposure, or other sources that could replace the default exposure parameters
believed to be of concern at the particular site.

There may be potentially important differences among sites, and predictions of blood
lead values are expected to become more accurate as more site-specific data are added.
Children at highest risk are those with the highest exposures to some lead-containing

.-medium. Data should be collected at a site so as to identify locations in the residence or
-community where young children may be exposed to elevated levels of lead in soil, dust,
water, or air. Household-level data are useful because proposed soil, dust, and paint
abatements are usually based on the house and yard as the most likely sources of lead

-exposure in preschool children. High exposures from lead in the household water
distribution system are also possible, and this source has been identified in some childhood
lead poisoning cases (Cosgrove et at, 1989). -The preferred level of environmental input
data for the model can be derived from a comprehensive multimedia household
environmental lead study.

The households studied should be representative of housing or sites where young
children curady reside, as wen as die places where young children may live in the future.
In many applications, yon win also need to include existing homes not occupied by children.
These can usually be addressed in the same manner as housing currently occupied by
children, using specific measurements of various environmental media lead concentrations.
Risk assessments addi***'ng as yet pntBrilt JMHMJJH should use *Tj«ting residential site soil
concentration data.

Predictions of blood lead concentrations may improve with better information on lead
concentrations where the child spends time during the day, or on child-specific behavior.
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Activity pattern analysis, based on data taken from questionnaires and family interviews, can
be useful in identifying children currently at risk, and in determining site-specific differences
in behavior or access to lead sources that may differ in bioavailability. Public education and
parental awareness of lead hazards may reduce the amount of lead in soil and dust ingested
by the child, and quantitative studies of the effects of such actions are currently in progress.

Exposure of children in day care centers, playgrounds or open areas may substantially
affect total exposure to lead when potential lead exposures in such areas are high. These
cases need to be considered in site risk assessment. The IEUBK Model allows dust and
drinking water ingestion components to be separated into household and non-household
sources by allocating a percentage of dust and water intake outside the home to sources with
other concentrations. Time-weighted average air lead exposures are believed to be adequate
indices of lead intake by inhalation in home and non-home settings under most circumstances
and are used in the model. However, there is presently little information on the use of time-
weighted averages for ingestion of soil, dust, or water away from the home. Soil and dust
ingestion depends on children's activities, on hand-to-mouth behavior, and on intensity of soil
contact related to sources and pathways away from home.

In addition to exposure, the IEUBK Model also allows site-specific information on the
bioavailability of lead from various sources to be taken into account Bioavailability
describes the relationship between the potentially available lead intake from environmental
media and the amount of lead entering the body through the lungs or the gut and then into
systemic circulation.

You should be alert to the possibility that there may be site-specific differences in
bioavailability of lead at different sites, particularly with respect to soil and paint Some
factors that may affect bioavailability include chemical speciation of kad in soil or paint, size
of particles, mineral matrix of the particles, and whether the particles are likely to be
ingested by the chQd along with meals or on an empty stomach. These are discussed in
Section 4.1. M*u.y of the issues are subtle and should be referred to the BPA Technical
Review Workgroup for Lead.

In some cases, relatively non-available environmental lead in soil or paint can be
converted into readily available lead particles in household dust by physical and chemical
processes in the environment. A housing unit with lead in paint or soil will continue to
generate household dust toad exposure as long as paint deteriorates or is disturbed by
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remodeling, and as long as outside soil and surface dust are moved into the house by pets
and by human activities like gardening and remodeling.

The model default value for the Geometric Standard Deviation (GSD) (reflecting
variability among individuals who have contact with a fixed lead concentration) is based on
analyses of data from neighborhoods having paired sets of environmental concentration and
blood lead data. The recommended default GSD of 1.60 is believed to be very widely
applicable. Only when reliable site-specific paired data from a sufficiently large study are

.available, should the substitution of a site-specific GSD be made using guidance given in
Section 4.2.

1.3.2 Understanding How the BioUnetic Component of the Model Works

The general term "bioltinetic" is used to describe the movement of lead through various
parts of the human body as a kinetic process. Current blood lead concentrations depend on

-prior exposure history as well as present exposure. With constant lead exposure, a near
--steady-state blood lead concentration level is achieved because there is a dynamic near-
equilibrium between lead moving out (from blood plasma to peripheral tissues and through

-/excretory routes), and lead moving in (to plasma from .gastrointestinal uptake and
remobilization into plasma from peripheral tissues and long-term bone storage).

The IEUBK Model assumes that skeletal lead turnover occurs relatively more rapidly in
children than in adults. The lead in a child's blood is thus a mixture of lead taken up from
recent environmental exposure and lead released from skeletal stores that reflect historical
exposures. However, the faster turnover time assumed for children compared to adults
implies that the lead burden in the skeleton is a smaDer fraction of total body burden in
children than in adults. The skeletal contribution to blood lead thus increases as the skeletal
fraction of total body burden of lead increases.

The blood lead concentrations in children achieve nearly a steady state relationship with
exposure within a period of months after changes in exposure. The situation in children is
more complicated than in adults because die kinetic parameters also change with the child's
growth and with changes in behavior that affect lead intake, absorption, distribution, and
elimination The model is adequate to ftlir1*^* chiMbr*^ blood lead concentrations in near-
equilibrium or in slowly fJiMfinf exposure settings, as may be attained some time (months)
after abatement occurs. The gradual phase down of lead in gasoline would be an example of
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changes that occurred slowly enough in most urban areas to permit accurate modeling of
blood lead concentration changes accompanying the air lead concentration changes.

1.3.3 Understanding Limitations of the Model

The IEUBK Model is designed to evaluate relatively stable exposure situations, rather
than rapidly varying exposures. The model does not report each iterative calculation; rather,
it reports one-year average blood lead concentrations. Because the IEUBK Model allows
changes in exposure to environmental toad concentrations only at one year intervals, and
provides output at only one year age intervals, changes in exposure are smoothed over one
year, Ine model cannot be used to predict the effects of short term exposure episodes, such
as exposure over a few days or weeks to toad dust and airborne particles that may be
generated during lead paint abatement. The EEUBK Model should provide reasonable
accuracy for blood toad concentration prediction as long as the changes in these
environmental toad concentrations can be approximated by annual average values.

The model is intended to describe a single residential-level exposure setting. The
dwelling unit could be a detached singfe-bmily home, a separate home in a multiple-unit
building such as a row house of duplex, or an apaiuaeut in a multiple-unit building. There
is an implicit assumption that the input parameters characterize long-term residential
exposure scenarios in such settings. While exposure changes daily in response to changes in
the child's diet and activity, there is presumably a true mean exposure level that can, in
principle, be fsrimatnd from real-fife samples. For this reason, the IEUBK model allows
changes in air, food, dost, aad soil lead exposure input parameters only at 1-year intervals.
Although water toad exposure could, in principle, be handled in similar detail, the EEUBK
model does not allow '̂'""tfll changes in drinking water toad during the model run. The
ffiUBK model includes some capabilities for dealing with toad exposures outside the home,
such as by use of separate dust ingestion parameters and concentrations at day care centers,
schools, and secondary residences.

We recommend using a simple average or arithmetic mean of soil lead concentrations
from a representative area in die child's yard, and an average of dust toad concentrations
from representative areas frequented by children inside the house. This rationale is
appropriate for anas that are sufficiently small so that any pert of die area may be accessible
to a typical child living it a random residence located within die area.
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The EEUBK model calculates blood lead and tissue lead burdens for all ages from 0 to
84 months. However, the blood lead concentrations in children less than 6 months of age
will still be affected by pre-natal lead exposure and are likely to show little influence from
exposure to soil, dust, and paint, which are the media currently of greatest interest. The
results of the model simulation are therefore not reported for children younger than
6 months.

There are many reasons why individual blood lead concentrations may differ from the
predicted geometric mean blood even though the predicted mean accurately describes the
population. Some of the components of individual differences are discussed in Section 4.2.
The GSD is the only panmtf*^*' in the model that characterizes the combined variability in
blood lead attributable to inter-individual differences and "random" temporal variability in
absorption and bioldnetics, •random" behavioral changes and inter-individual differences
affecting ingestion rate, and measurement errors in environmental lead concentration. The
strength of this approach is that GSD estimates are based on empirical data on the variability
of blood lead levels in children exposed to similar concentrations of lead. Other approaches
to -\ aluadng the effects of variability, such as Monte Carlo simulation, were deferred for the
present version of the IEUBK Model, because they dfmandod excessive computation and

•require much greater amounts of model input data. Monte Carlo methods, however, are still
being evaluated as a possible enhancement of the IEUBK model, as discussed in Section 1.5.

1.4 RUNNING THE MODEL

1.4.1 Your Responsibilities

The IEUBK model provides a great deal of flexibility in describing site-specific or age-
dependent exposure scenarios. The price for this level of flexibility is that no exposure
scenario is ypr?pTMrt» for every application of the IEUBK model, and this is particularly
true of the "default" parameters. The responsible use of the IEUBK model requires input
data that are appropriate to the site(s) and subject(s). The most convenient way to do this is
to use the exposure scenario worksheet (Figure 2-11; see Section 1.4.3).

The most sensitive parameters for most applications involving soil lead exposure are the
soil-to-indoor dust transfer coefficient, the soil and dust ingestion parameters, the soil lead
absorption fraction, and the Geometric Standard Deviation. You should always review these
parameters.
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Factors affecting transport of soil lead into household dust should be noted when
appropriate. For example, houses with very small grass-covered yards are likely to have a
smaller contribution of the yard's soil lead concentration to household dust lead concentration
than houses with large yards, no grass cover, and fine uncompleted surface soils that are
easily blown or carried into the house by humans and outdoor pets. While the concentration
of lead in exterior dust derived from the soil may be a useful measure of exposure, these
data are not usually available because exterior surface dust samples are not usually collected.
You are always responsible for the decision to use default values in place of either measured
dust lead concentrations or dust lead concentrations mrimated from soil lead concentrations.

The proportion of intake in the form of soil vs. dust should be considered carefully, as
there may be differences in the bioavailability of lead in soil vs. lead in house dust even
when much of the dust is derived from soil. In spite of considerable efforts to determine the
ingestion intake of soil and dust by children, these values are still subject to uncertainty.
Site-specific data on soil ingestion by children are rarely available, but would be valuable in
modeling site-specific exposure to lead. Only limited information is available about the
effcc*s of the child's niicrc-eirvironment on soil and dust ftitftfftrrij with evidence suggesting
much larger intakes of soil for children in intrinsically dirty environments such as
campgrounds, and lower soil intake for children who spend much of their time in cleaner
environments such as day care centers.

You are responsible for the choice of non-default bioavailability parameters.
Bioavailability parameters may differ among sites. Non-default bioavailability parameters
may be justified by experimental studies with the actual site ***t*ri»\* assessments of other
sites with similar materials, or site specific information on properties of particles that may
affect bioavailability.

The Geometric Standard Deviation is not considered a highly site-specific parameter,
and should noonally be kept at its default value of 1.60. If you use some other value, you
should 'frflrf* the reasons for this modification, since risk fnfrniafBs are typically very
sensitive to the OSD value used.

1.4.2 Exploring Model Options

The IEUBK model has a large number of options. You are encouraged to explore these
options before doing any substantive analyses, because there are often several alternative
methods that can be used to obtain model outputs. These options are identified in Chapter 2.

1-20



They include alternative source menus for soil and dust lead, dietary lead, and lead in
drinking water. The soil/dust lead menu includes options for air-to-dust and soU-to-dust
transfer coefficients, as well as for non-household sources.

There are options beyond single runs of the model. These include multiple runs for
overlay plotting of probability curves, for plotting blood lead vs. environmental media lead
concentration, and for multiple runs (batch mode input) for each of a group of individual
children of different ages using child-specific data.

The multi-media bioavailability menu includes options for changing the passive vs.
facilitated absorption of lead from all media. The half-saturation uptake, a parameter that
determines the extent of non-linear or satnxable absorption, may also be changed from the
normal default value of 100 pg Pb/day.

Run options include the choice of an iteration time step. With low exposure and no
year-to-year change in concentration, as used in the "Default" option, there should be no

. differences in output using other iteration time steps. Differences in blood lead of a few
-percent may occur with higher and rapidly rfMglf8tlt exposures. For a single run, almost any
PC (XT or later) win produce a solution within 60 seconds, even without a math
coprocessor, with the default it*r»t*on time of 4 hours. However, with a batch mode input
file of several hundred records, the simulation run may take many hours. In this case, you
may select a longer iteration time and speed op the ran for a preliminary analysis. If you
use a longer time step, you should verify accuracy using records with high exposure or large
changes in exposure.

1.4.3 Documentation of Input Parameter and Data Files

By reviewing every adjustable pinnrlff in the model and noting which ones have been
modified in a particular run, you have a penmnmt record of die input An electronic copy
of the exposure input parameters can be made using the parameter SAVE option. Distinctive
names for paramrtfi- files tfname].SV3), input data files ([name].DAT), simulation run files
(RESULTS.TXT), batch mode output file* flnameJ.TXT and [name].ASQ, probability plot
overlay files ([nameJ.LAY) and blood lead vs. media concentration files ([name].MED) may
be used to document input specifications as well as output.

The worksheet provides a convenient format for noting reasons for use of non-default
parameters, or justification for use of default parameters. For example, soil lead
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concentrations and dust lead concentrations could be measured values at each house.
Repeated values of household data would be used to weight the statistical results from batch
mode files. Missing value imputation methods should be identified, for example, "KID CD
= 17,22,35, missing dust lead concentration estimated by PbD = 180 + 0.28 * PbS " This
is critical information in allowing other users to reproduce your results (including yourself,
since it is unlikely that most users will be able to recall over one hundred model parameters
after the passage of some months or yean).

1.4.4 Documentation of Model Output

1.4.4.1 Selecting Output AttenutiTes
Results of IEUBK model simulations may be saved in several forms. You should select

in advance the most useful of these forms, since the results of some interactive simulations
cannot be recovered once you have bypassed the opportunity to save the results. Choices
are:

(1) A sequence of single simulation runs. Sequential runs can be interactively
appended to the ffle named RESULTS.TXT. The average of the
geometric mean blood toad conrnitrarinns for children hi sequential
one-year age intervals, die input concentrations for several media, and the
media-specific dail> lad uptake for each year are saved. You must use
the "Save" option at die end of each ran to be saved, but this allows you
to drop results from non-infonnative runs rather than save them.

(2) A sequence of graphics overlay simulation runs. The multiple plot option
saves input data for blood lead probability plots for a range of evenly
spaced media lead ouocem lalimis. For example, you may generate plot
data for soil lead concentrations of 250, 500, 750, and 1000 ug/g, for
children of age* 12 to 24 month*. The data in the [name].LAY overlay
file includes the geometric mean blood kid for children in the age range,
the lead oonceatntion in sofl and in other media. The actual plots of
probability density or cumulative distribution function* depend on the
OSD value selected, and mete plots include the probability of exceeding
the naer-spedfled LOG tor use m risk estimation. Probability plots may
be primed on standard laser printers.

(3) A sequence of blood lead vs. media lead shnnlsrion runs. The media
range option saves input data for blood lead vs. media lead plots for a
range of evenly spaced media toad concentrations. For example, you may
generate plots of blood lead vs. soil toad concentnrions smoothly
interpolated from calrnlatrd values at 250, 500,750, and 1000 ug/g, for
children of ages 12 to 24 months. The data in the [name].MED overlay
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file includes the geometric mean blood lead for children in the age range
at the selected media lead concentrations, the lead concentration in soil
and in other media. Plots may be printed on standard laser printers.

(4) Batch mode simulation runs. The batch mode option requires an input
data file, as described in Chapter 2. Output consists of user-named files
[name]. ASC and fnameJ.TXT that contain predicted blood lead
concentrations for each case or record (child) in the input data file. The
output files also document the missing value imputations when some of the
input data on residential lead concentrations in air, water, soil, or dust are
missing. The files may be used as input for the statistical analysis
programs in the companion FBSTAT program, which produce statistical
and graphical comparisons of the observed and predicted blood lead
concentrations.

1.4.4.2 Understanding the Output
You should carefully review the output options described in Section 1.4.4.1. Each

option allows you to examine a different aspect of the IEUBK simulation. The numerical
simulation component of the IEUBK model produces an estimate of a geometric mean blood
lead concentration for children of a given yearly age. This is the average of the estimates for
children during that one-year interval. The IEUBK model arrives at these estimates by
calculating at each time step an updated «*faMi» of all compartment lead masses, or
equivalent tissue lead concentrations. The update algorithm combines uptake of lead from
the environment with all of the movements of lead into each compartment from another
compartment, or out of each compartment, either into another compartment or by elimination
from the child's body. In this version of the IEUBK model, the output consists of the daily
uptake rate (intake me times fraction absorbed) for each medium, and the blood lead
concentration, as ffi*1"** avenges.

The output from a single simulation run may be displayed in several forms. Most users
wish to see the ^riahflity associated with a predicted blood lead concentration. This range
can be demonstrated graphically by selecting the intrinsic variability GSD and then plotting a
cumulative probability distribution. The range of plausible blood lead values may be
determined graphically as defined by upper and lower pefcentiles of die distribution. For
example, the 5th and 95th peicentfles of the distribution wffl include 90 percent of the
children with the given site-specific or household-specific exposure scenario. Since
"plausible range" requires a subjective choice of peicentiks, you are free to choose any
appropriate values. Since the predicted geometric mean blood lead concentration is based on
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an a priori mathematical simulation and not on a data-driven statistical estimate, this plausible
range sh '.Id never be considered as equivalent to a confidence interval.

The other output characteristic that many users wish to see is the estimated probability
of exceeding the specified blood lead level of concern, corresponding to the given exposure
scenario or scenarios (for multiple runs in a given medium). This also requires a GSD
value. This probability may be interpreted as the percentage of children with the given
household-specific exposure scenario who are expected to exceed the level of concern.
If applied to a single site or residence, it may also be interpreted as the probability of
exceeding the level of concern for any single child who may reside at that site in the future.

1.4.4.3 Interpreting the Output and Communicating the Results
The model calculates the probability that a blood lead concentration derived from the

model's specified parameters will exceed a level of concern specified by the user. There are
two valid interpretations for the output:

(1) The output of the model may be considered to be the best estimate of a
plausible range of blood toad concentrations for a hypothetical child with
a specific lead exposure scenario. The range of values is centered on the
geometric mean blood lead concentration expected for a typical child with
this exposure scenario. The upper tail of the probability distribution
provides an estimate of the risk of exceeding some blood lead level of
concern for a typical child of that age residing in the same household and
with die same exposure history.

(2) The output of the model may also be considered to be the predicted
geometric mean blood lead of i population of children with the same lead
exposure scenario, and the upper afl of the probabfliry distribution to be
the fraction of children exceeding the chosen blood lead level of concern
when all of mete children have the same exposure history.

The anmy of appUcatkms for which the BEUBK model can be validly used is:

A: One location
Al: one living unit, one child;
A2: one living unit, more than one child;
A3: more than one living unit, more than one child, homogeneous media

B: Multiple locations, one neighborhood, homogeneous media concentrations
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C: Multiple locations, one neighborhood, heterogeneous media
concentrations;

D: Multiple locations, more than one neighborhood, heterogeneous media
concentrations;

A single run of the IEUBK model is sufficient for categories A and B. A classification
or disaggregation of the neighborhood into distinct exposure subgroups is required in
categories C and D, with the possibility of different ingestion or absorption parameters for
different neighborhoods in category D. Neighborhood-scale and community-scale risk
estimation requires aggregating the risk **Hmate« for individuals or subgroups.

The differences between these levels is sketched in Figure 1-3. Category A requires
calculating only a single blood distribution. Category B requires calculating a blood lead
distribution for each child, but since each child of the same age .has the same exposure
scenario in category B, a single run of the model is sufficient to characterize risk for this
subgroup. In category C, there are different exposure scenarios for each subgroup. Risk
estimates must be calculated for each such subgroup, then added up across sites and children.

The model output in category A: Single child, single site of exposure, includes a blood
lead concentration, a distribution of blood lead concentrations, and a probability oi exceeding
the blood lead level of concern. Since children in environments with the same lead exposure
may have a range of blood lead concentrations, we describe the likely variability in blood
lead for a child with a given exposure scenario by a probability distribution. The predicted
blood lead concentration is the geometric mean of the distribution of blood lead
concentrations that may occur for a typical child with the specified exposure scenario. Risk
is calculated from thfa distribution as the probability that a hypothetical child living at this
site, with the specified exposure scenario, will have a blood lead concentration exceeding the
blood lead level of concern. This single-child assesimftnt is necessary in order to use the
model to evaluate remadiarion options on a house-by-bouse or yard-by-yard basis. The
single-child aarranrnt also provides a 4»erion for model testing and validation using
epidemiology data.

The model output in category B: Multiple children, single site or equivalent sites of
exposure, is the predicted blood lead concentration for each child as the geometric mean of
the distribution of blood lead concentrations that may occur for each child with the specified
exposure scenario. Risk is calculated by aggregating the calculated risk for each child as the
percentage of hypothetical children living at this site or at these sites, with the specified
exposure scenario, that will have a blood lead concentration exceeding the blood lead level of
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Figure 1-3. Categories of application of the IEUBK MbdeL

concern. The calculation is exactly the same as the single-child assessment, but there is an
important shift in interpretation of the output.

There ate situations in which a single site really can have multiple children of the same
age with the same exposure scenario. A single housing unit may be occupied by several
households with pie-school children of the same age. Rental properties may be occupied in
succeeding yean by different families, each of which may have a pre-school child of the
same age with virtually the same exposure as occupants in other yean. In general, the
multiple-child or population exposure scenarios would be applied to a hypothetical population
of occupants.

Neighborhood-scale risk estimation is discussed in Section 4.2, with examples. The
model output in C: Multiple children, multiple sites with different exposure, cannot be
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obtained by a single am of the IEUBK model. It is necessary to construct an exposure
scenario for each distinct exposure subgroup in the population. For each child or exposure
subgroup, risk is calculated in a single run of the EEUBK model with the specified exposure
scenario. The risks for each exposure subgroup are aggregated across all subgroups,
weighted by the number of children with that exposure scenario or by the percentage or
likelihood of the exposure scenario.

There is no one-step method by which neighborhood-scale risk estimation can be done
using tnu version of Jic IEUBK model. The problem of risk estimation for children in a
large community or a region is even more difficult when different subgroups of children may
have very different exposure scenarios, including differences in behavior that affect
ingestion, and differences in lead absorption due to behavioral or nutritional differences.

A common misinterpretation of the IEUBK Model is that it predicts community
geometric mean blood lead and the fraction of children at risk when the input is the mean or
geometric mean of household-specific environmental lead concentrations. That mis-step can
be misleading, particularly when the environmental variables have a wide distribution among
the neighborhoods of the community. This misinterpretation is especially dangerous for post-
abatement settings intended to eliminate the higher exposures when there are multiple
exposure media. A correct approach requires applying the model to each individual home or
site using the lead concentrations seen at that site and combining these results as an aggregate
of sites in several neighborhoods to form an estimate of community risk. A second useful
approach is based on subdividing a community into neighborhoods and clusters of residence
units with similar media lead concentrations. Specific information on building appropriate
neighborhood exposure scenarios is given in Section 2.3, Building an Exposure Scenario.
Examples are provided in Section 4.2.

We should T***?*** that the IEUBK model is intended to provide a best estimate of
geometric mean blood lead. The IEUBK model is not intended to be used in a worst-case
scenario, as the model does not apply any uncertainty factors or .odifying factors in making
risk estimates. If, as usual, there is some uncertainty about model parameters, these can be
evaluated using sensitivity analyses. Remember that you are responsible for documenting
plausible non-default values.

Uncertainty about parameters is not the same as the intrinsic variability in
environmental data and blood lead responses. The components of variability are discussed in
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Section 4.2 on the blood lead Geometric Standard Deviation (GSD), which plays a critical
role in risk estimates.

1.5 REFINEMENTS AND ENHANCEMENTS

The bioltinetic component of the IEUBK model is based on an age-dependent
compartmental model with identifiable physiological compartments: red blood cells, plasma
and extracellular fluids, kidney, liver, other soft tissues, tnbecular and cortical bone
(Figure 1-1). There are many compartmental models in the literature; some with fewer
compartments (Rabinowitz et al., 1976), others with many more compartments (Leggett,
1993). The Technical Review Workgroup for Lead was aware of important research in the
development of physiologically-based pharmacokinetic (PB-PK) models for lead in humans,
primates and rats that took into account the slow diffusion of toad through the bone matrix
(O'Flaherty, 1992a,b,c, 1993a,b). However, the Workgroup chose to develop a
compartmental model that uses transfer times or transfer ratea between compartments instead
of physiologically based compartmental coefficients. The transfer met can be estimated
from data in non-human primates, especially the studies on infant and juvenile baboons that
were done at New York University (Mallon et al., 1983; Barley and Kneip, 1985).

The EEUBK biokinetic model was based on:

(1) empirical kinetic data on blood lead in baboons of similar weight and
developmental stage to human infants and young children;

(2) kidney, liver, tibia and femur lead concentrations in baboons after the end
of the lead exposure study;

(3) autopsy data for lead levels in young children who died from causes not
related to lead exposure;

(4) extrapolations from studies in human adults;

(5) lead reeding and lead balance studies in human infants.

There is, in principle, a degree of similarity between these approaches, since the
compartments in the IEUBK model are defined by real anatomical and physiological
properties. The transfer times from the PB-PK model can be calmlatnd from blood flow
rates to organs and tissue groups, volumes of these organs, partition coefficients across
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membranes, and solid state diffusion coefficients for the bone matrix. The principal
difference between the biokinetic components of the EEUBK and PB-PK models is that, m the
absence of suitable physiological data, empirical data were used in estimating transfer times
in the IEUBK model. Future development of the EEUBK Model is expected to continue in
the direction of physiologically based biokinetic components similar to PB-PK models.

Many users have expressed interest in tools that allow a more detailed investigation of
the effects of non-environmental variability on the distribution of blood lead concentration.
The Monte Carlo approach would allow every parameter in the model to be assigned a
random variation at every iteration of the computation. For example, each parameter could
be multiplied by a random factor (mean value 1) at every iteration. This would require that
adequate data would be available to support the input distributions. An extremely large
amount of computing would be necessary. A substantial amount of additional study is
needed before Monte Carlo methods can be added to the IEUBK model.

The IEUBK model currently evaluates children from birth to age 84 months. Many
users have requested extension of the model to other populations, including older children
and adults, with emphasis on populations at special risk. Both the physiological and
biokinetic parameters of adults are at least as well known as those of children, with the
possible exception of lead distribution within the human maternal-fetal unit. Transfer of lead
from the mother to the neonate during lactation would also be of interest.

1.6 GETTING MORE HELP

As scientific knowledge advances, this Guidance Manual will be updated and revised.
If you have questions T*p**ti"f the she-specific application of the IEUBK Model, you may
direct your inquiries to die appropriate EPA Regional Toxics Integration Coordinator.
Comments on the T****1 *̂1 content of the manual or suggestions for its improvement may be
brought to the attention of members of the EPA Technical Review Workgroup for Lead "ed
in the front of tide document
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2. A GUIDED TOUR THROUGH THE LEAD MODEL

2.1 THE LEAD MODEL IS DRIVEN BY MENUS

Environmental Protection Agency's Integrated Exposure, Uptake, and Biokinetic Model
for Lead in Children (IEUBK Model) is a microcomputer program that performs many
different functions related to estimating blood lead levels in children. The overall model
functions are sketched in Figure 2-1.

Figure 2-1. Schematic diagram of UM OTcrall functions of the toad model. Numbers in
pentagons indicate sections in this document containing more detailed
information.
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The oval shapes are terminal steps (i.e., the beginning or end of a function or opt ion)
Rectangles show internal processes and rhomboids show user data entry operations or
functions. Diamond-shaped figures are decision points where the user must choose one of
the model options on a list. The "NO" branch usually follows the model's baseline or
"default" parameters and functions. Horizontal and vertical arrows refer the user to another
figure or page.

The IEUBK model is menu-driven, with on-line help available in almost any menu.
The main menu, where any use of the IEUBK model begins, is shown in Screen 2-1. There
are five numbered options:

1. Parameter Input Menu
1: Air lead menu
2: Dietary lead menu
3: Drinking water lead menu
4: Soil/Dust lead menu
5: Alternative lead source menu
6: Maternal lead menu
L: Load pre-saved parameter input menu
R: Return to Main Menu

2. Computation Menu
1: Run a single cTtvxIcl simulation
2: Multiple simulation runs with a range of values
3: Blood lead versus media with a range of values
- lultiple simulation runs with batch input (input data file for each child

r household)
R: Return to Main Menu

3. Output Processing Menu
1: Save program parameters to file
2: Plot graphs of blood lead distributions
R: Return to Main Menu

4. Help Menu
1: General information
2: Information about menus plus help in other menus
R: Return to Main Menu

5. Quit
Q: Return to DOS prompt.
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Screen 2-1. The main menu.

We will briefly discuss the options in each of the input menus. Scientific justifications
for the options and guidance values are provided in Section 2.3.

2.2 DETAILED DESCRIPTION OF MENUS

2.2.1 Help Menu (4)

2.2.1.1 General Help (1)
The General Help menu provides on-line information on the data or parameter entry

menus, menu selections for running single or multiple model simulations, and use of
keyboard keys. This information is shown in Screen 2-2.
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Screen 2-2. The general help menu.

2.2.1.2 Infonnation Menu (2)
The Information Menu provides on-line infonnation on the parameter save and load file

options, on multiple-run and output processing menus. The infonnation is presented here in
Screen 2-3.

2.2.1.3 Other On-Uae Help Menus
Most menu screens contain additional information on the lower part of the screen.

Additional infonnation screens are available on specific menu options.

2.2.2 Parameter Input Menus

2.2.2.1 Air Lead (1)
The Air Lead input parameter menu is shown in Screen 2-4 and schematically in

Figure 2-2. The air lead concentration is set initially to a typical 1993 urban value of
0.1 Mg/ffl3 (U.S. Environmental Protection Agency, 1991c). It is assumed that the indoor air

2-4



Screen 2-3. The information menu.

Screen 2-4. The air lead menu.
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Figure 2-2. Decision forth* air

lead concentration is 30% of the outdoor communion (i.e., 0.03 Mg/m3) inhiaUy. The time
spent outdoors and ventilation rate are assumed to depend on the child's age. These
parameters allow a time-weighted air kad intake to be calmlatrd; 32% of mat intake is
absorbed through the longs into the child's blood. AH painimr.ii except the indoor/outdoor
air lead concentration ratio may be changed by entering YES in the first line. Some are
age-specific values.
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2.2.2.2 Dietary Uad (2)
The Dietary Lead input parameter menu is shown in Screen 2-5 and schematically in

Figure 2-3. The daily dietary lead intake values for each age apply to a typical U.S. child in
a typical setting in the United States after 1990. These dietary lead values may be altered by
entering YES to the query "View/Change Dietary Pb Intake?" During the period 1982-1989
there was a distinct reduction in food lead generally attributed to the replacement of lead-
soldered cans and the removal of lead from gasoline. Since 1990. food lead in US.
supermarket food has remained relatively constant. Dietary lead ingestion for years prior to
1990 are given in Section 2.3.2.

Screen 2-5. Th« dbtary lead main menu.

If the dietary Iftd sources are non-standard, usually bfPtuff of suspected contamination
of fruits, vegetables, fish and meat raised locally or otherwise lead-contaminated, the user
can enter specific values by responding YES to the query, "Use Alternate Diet values?" This
invokes the alternative menu shown in Screen 2-6.
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Dietary
Input Menu
(Option 2)

VMM/Change
Dietary Uad

Intake

Concentration / Yea

for Scutes

Figure 2-3. Decision diagram for the dietary tad OMOD option.

2.2.2 J Drtakfeg Water Lead (3)
The Water Lead input parameter menu is shown in Screen 2-7 and schematically in

Figure 2-4. The water lead concentntioa is set initially to a typical 1990 urban value of
4 pg/L (Marcus and Hotaman, 1990). The age-specific ingeetion of tap water is described
in Section 2.3.3.2. Consumption may be modified by ««^pn«»Hiiig YES to 'View/Change
Drinking Water Intake?" and entering new values, as shown on Screen 2-8.

Alternative information may be available in the form of measured lead concentration
and percentage of tap water intake from water fountains or other outside sources, and water
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Screen 2-6. The alternative dietary source menu.

Screen 2-7. The drinkinf water lead main menu.
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WMrlMd A
taputltanu I
(OpfcnS) J

No •*

Figure 2-4. lead menu options.

consumed at home in first-draw or * ashed modes. This may be entered by responding YES
to "Use Atenate Water Value*?'

2.2.2.4 SoilaadDu*Lttd(4)
The Soil and Dust Lead input parameter menu is shown in Screen 2-9 and schematically

in Figure 2-5. The soil and dust kad concentrations are set initially to a value of 200 Mg'g
The age-specific ingestion intake of soil and dust combined was estimated from the
EPA/OAQPS staff paper on Exposure Assessment Metfaodolofy and Validation for the first
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Screen 2-8. The age-specific drinkinf water consumption menu.

Screen 2-9. The-wU and dint main menu.
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Figure 2-5. for the soil/do* tad

version of u* UK model (U.S. Environmental Protection Afency, 1989a). Both
concentration aid intake may be modified by the user.

As shown in Screen 2-9, both soil lead and dust lead concentrations may be changed on
a yearly basis by user selection "2", allowing the user to construct reasonable site-specific
scenarios.

The multiple-source option (*3") on the dust entry line allows the user to use
information about the contribution of soil lead, air lead, and omer sources to household dust
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lead. The Data Entry Screen for the Multiple Source Analysis (Screen 2-10) has three dm
entry lines. The first line is the fraction of the soil lead conceruration that contributes to the
concentration of lead in household dust. If there were no other sources, this would be the
ratio of the dust lead concentration to the soil lead concentration. The current default value
of 0.70 is appropriate to neighborhoods or residences in which loose particles of surface sou1

are readily transported into the house. The second data entry line is the contribution to
household dust from the deposition of airborne lead, over and above die soil lead
contribution. The current default value is an additive increment of 100 pg/g lead in house
dust for each pg Pb/m3 air.

Screen 2-10. The amUpto dust source menu.

The third line asks whether the user wants to add other sources. If 'Yet", tLcu u*
Multiple Source Analysis Screen is replaced by the Alternative Indoor Dust Batty screen
(Screen 2-11). The user may assign both the concentration and percentage of dust intake to
baseline household dust, secondary occupational dust, dust at school, daycare, or second
home, and the exposure to lead in dust from household paint measured as a percentage of
total dust ingestion and Its concentration. The default dust lead concentration in the
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Screen 2-11. The aitematiTe indoor

Alternative Indoor Oust Entry screen is 100% of
Alternative Source Analysis is not used, then the default
the soil concentration phis 1000M tht air lend
total dust lead concentration, enls 150

150 pf/f. If the
contribution consists of 70% of

conditions, the

If non-residential exposures to soil/dust are important, the user may access the multiple
non-residential source menu.

The combined soil/dust ingestion rate (grams total soil + dust per day) can be changed
from the current default values in Screen 2-12.

2.2.2.5 Alternate Source (5)
The ahenate exposure source menu is shown in Screen 2-13 and schematically in

Figure 2-6. The default daily lead intake value for each age is set to 0 jig Ft/day. The user
has the option to input any source not otherwise covered by other menus. Examples might
be the direct ingestion of lead-based paint, cosmetics or home remedies. In this case, the
amount of lead per day needs to be calculated from the information available. If the
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Screen 2-12. The Mil/dust infection rate menu.

Screen 2-13. The alternate load source menu.
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Alternate Lead
Input Menu
(OpfcnS)

Enter iMd
MatoVaJuei

QoTb
Absorption
Menu

Flfure2-6. Oedeioa forth*

alternative sevee is Inad based paint (LBP), titis expoeate would be ia addttoo to exposure
to lead-based paint in noose duet, which is Option 4 hi the onltipfe eomce menu of soil and
dust. See Section 4.7.1 for a dtaissknc« issues mfeoie of die modd for pairt chips.

Buildinf an exposure scenario usinf this option should be done with care. The model
assumes all entries represent chronic exposure. In the example above, the child would
require immediate medical attention. Remember that the model output represents only those
children defined by the exposure scenario.
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2.2.2.6 Bioavailability of Lead in Food, Drinking Water, Soil, and Dust
Bioavailability or absorption of intake from the gut or lung into the blood is a ke>

element in relating external exposure to body burden. Lead intake from media with low
bioavailability poses much less of a hazard than does tbe same intake from media with high
bioavaiiability. The bioavailability of lead from normal infant diet is known to be very high
(Alexander et al., 1974a,b; Ziegler et al., 1978; Ryu et al., 1983), with at least 40 to 50%
of the dietary lead intake passing into the child's blood. See Section 4.1 for a discussion of
bioavailability.

The main functions of tbe bioavailability menu are shown in Figure 2-7. The model
calculates lead absorption from the gut as a function of two components. The passive
component does not depend on lead concentration in the gut and is not saturable. Tbe
facilitated or active component may become saturated when the total concentration of lead in
the gut from total gut intake by all media is sufficiently large, which is a Itinetically
non-linear absorption mechanism. The data entry Screen 2-14 allows the user to specify the
parameters for intake from soil, dust, drinking water, diet, and alternate sources. The total
absorption percentage is the sum of the passive and facilitated absorption components. The
default value of absorption for alternate sources is 0%, which requires that tbe user must
enter the bioavailibilty of any specific alternative source, such as lead-based paint.

The total absorption from any medium is then divided into two components, and the
user specifies a small fraction of the tool absorption percent for die passive or non-saturable
(i.e., high-dose) component. Hie default is 20% of the total available for absorption. The
percentage absorption in the Infer saturable component is tbe remainder of tbe total
available for absorption. For example, with a dietary lead intake of 50%, tbe absorption
fraction for the passive component is 20% of 50%, or 10% of dietary lead intake, and tbe
saturable component is 80% of 50%, or 40% of dietary lead intake.

l-FetaJ Lead Kxpoaur* (6)
lend exposure input f»**m***r menu is shown in Screen 2-15. The lead is

transferred from the mother to the fetus in mem. The lend dm is stored in die tissues of the
newborn child is calculated by entering die maternal blood lead value at birth (default *
2.5 Mg/dL). Tbe IEUBK model assumes that tbe infant's blood lead at birth is a fraction of
the maternal blood lead level, and die amounts of lead in die blood and other tissues in the
newborn infant are calculated so as to be consistent with concentration ratios observed in
autopsies of newborn infants (Barry, 1981).
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Figure 2-7. Decision diagram for the ab Tailabatrjr menu options.

2.2.2.1 Sere and Leed Options
If the user wishes to use a certain set of model parameters as the starting point for

another analysis, the parameter set crested from use of Options 1 through 6 should be saved
using the "S" option on the output menu accessed from the main menu, or the F6 option on
any of the parameter input menus. The user may create an 8-chaiacter or shorter name for
the file, whkb win be stored in the form [NAMEJ.SV3. If a saved parameter set is needed
later, it may be loaded from the "L" option on the Parameter Input Menu.
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Screen 2-14. Tht absorption/bkttTailability menu.

Screen 2-15. The maternal/feUl lead exposure menu.
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2.2.3 Computation Menu

2.2.3.1 Run a Suit* Simulation of th« Model U)
The menus for the Run command are shown in Screen 2-16. This option uses only the

currently loaded parameter set. The user may view or change the time step for the
numerical iteration. The default is four hours. We recommend setting the iteration time to
the lowest convenient selection, and verifying all •important" solutions by rerunning the
model with the shortest possible tune step (cunently ,15 min). An output option (Option 2)
allows plotting of results and calculation of probability of elevated blood lead.

Screen Mf.

Run *^ are shown in Screen 2-17 and schematicallyThe «nfB"f fog the
in Figure 2-8. More detailed menu for range selection and output are shown in
Screens 2-18 and 2-19. This option uses only the currently loaded parameter set, except that
it repeats the run for each new value of a medium concentration (e.g., soil lead
concentration) or intake (dietary lead as pg Pb per day). The user may view or change the

2-20



\
Screen 2-17. Multiple simulation using the profnun prnrmring menu.

time step for the numerical iteration during the nm step. We recommend verifying all of the
"important" solutions by rerunning the model with the shortest possible time step (currently
15 min). Since only one medium can be changed in each use of the "2" option, the user who
wants to look at a range of soil lead values should use the Multiple Source Dust option "3"
and a user-specified dost kid to soil lead concentration ratio. Output data for plotting, with
overlays of results at each concentration in the range, may be saved when the user creates
RANGE*. LAY files.

2.2.33 Mrttiiie Simulation Rnni ofaV Jim To F104 Coaewtntkm of Lead in the
Medfam That Produoe a Specified Blood Land (3)

This option is «""!•• to Option 2. The WIHH for the Multiple Run command are
shown in Screen 2-20 and schematically in Figure 2-8. This option uses only the currently
loaded parameter set, except that it repeats the run for each new value of a medium
concentration (e.g., soil lead concentration) or intake (dietary lead as Mg Pb per day) until
the specified age-dependent geometric mean blood lead level is achieved exact /y by that
concentration.
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Fifur»2-S. Oedaion for the multipU tiiniitotion i option*.

Siace oaty oa« nedfaB can be changer1 'a each oie of the Multiple Simulation Run "3"
option, the near who watt to look at a ranfe of soil lead vabei should we the Multiple
Source Oust option *3" and a uaer-specified dust toad to toil kad concentration ratio. Output
data for plotting nay be awed when the user creates *.FBM files.

2.2.3.4 Batch Mode MnWpk Simulation Rme Uatnf Input Data lUei (4)
This option is similar to Option 2. The menus for the Batch Mode Run command are

shown in Screen 2-21 and schematically in Fifure 2-9. This option uses the currently loaded
default p«*«HM*«r jet, but repeats the run for usinf the new values for the five exposure
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Screen 2-20. Using multiple •**""*•»*••* to find acceptable media concentrations for a
predetermined blood load concentration.

Screen 2-21. Runninf the model in batch mode.
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Figure 2-9. Decision diagram fee the batch mod* option*.

parameters (sofl """^^ffHtflB, dual concentration, drinking water concentration, air
unption) for each child in the data set The input

data are entered one line at a
These must be created by the

Each line of data may include:

The child code or cue;

from a data set with a specified list of input variables,
in a special 'DAT file in the Lead Model directory.
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The "family" identifier for individuals at the same living unit;

An area, block, or neighborhood identifier

Each line of data must include:

The child's age, in months, as of the end of the data collection period;

The soil lead concentration, in

The house dust lead concentration, in

The drinking water lead concentration, in

The air lead concentration, in pg/m3;

The alternate source intake rate, in Mg/day;

The child's blood lead level at specified age, in pg/dL.

The child's age must be entered. Either a soil lead or a dust lead value is needed for the
simulation, along with a stand-in value (imputation rule) if one of them is missing (for
example, if the user does not fill in missing dust toad values, the current default is to replace
a missing dust lead concentration by the soil lead concentration). The user may prefer to
create an input data file with missing dust lead concentrations replaced by some fraction of
the soil lead concentration. Missing values of air, water, and alternate lead are replaced by
default values. If there is no actual child blood lead data, then Option 1 produces output data
sets with *.ASC and ".TXT extensions that contain all of the input data, including imputed
values, and predicted blood lead levels for etch line of data.

The batch mode option can be used to perform T*?*t»rel analyses of simulated
community htood lead distributions, even without observed blood lead levels (for example, if
an investigator bis carried out a mnltimrdia environmental lead study at a site, without blood
lead data being collected). However, this option win be even more useful if blood lead data
from a well-conducted study are available for model comparisons using statistical tests in
Option 5. Output data flies may be reviewed using Option 2, as demonstrated in later
sections.

2.2.3.5 Statistical Analyses of Batch Mode Data Sets (4)
A set of statistical procedures for analyzing batch mode data sets exists as a separate

module in the EEUBK Lead Model. Although the Option 1 data sets can be edited and used
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in any other statistical programs the user may have available, we have included in Opuon 5
some of the most commonly used statistics, statistical hypothesis tests, and graphical data
displays for comparing observed and modelled blood lead levels. We recommend using a
variety of graphical and statistical techniques in evaluating the output of Batch Mode model
runs. This will also be demonstrated in Section S.

2.3 BUILDING AN EXPOSURE SCENARIO

2.3.1 Air Lead Menu

2.3.1.1 Default Air Lead Exposure Parameters
The default air lead concentration is 0.1 pg/m*, which is approximately the average

1990 urban air lead concentration (U.S. Environmental Protection Agency, 1991b). During
the pehod 1970-90, ambient air lead concentrations dropped drastically in the United States
due to the phasedown of lead in gasoline (Figure 2-10). When adequate monitoring data
exist to define concentrations higher or lower than the default outdoor lead concentrations,

•these should be used. Current air lead levels are tow in most places in the United States,
and do not require year-to-year specification. Elevated air lead levels have been reported
around some point sources in the United States and Europe (Davis and Jamall, 1991) and
lead modeling for changes in these sources requires year-by-year input data.

A constant air lead value larger than 0.1 m/m3 may be appropriate for assessment at
locations in the vicinity of active point sources of lead emissions such as lead smelters or
battery plants. In such case*, an appropriate ******** of annual avenge air lead
concentration must be available.

An example of a striking increase over time was the air lead levels in Kellogg/Silver
Valley, Idaho, foOowinf a September 1973 baghouse fire. These levels remained elevated
for a sufficiently long time such that the use of these values in predicting blood lead
concentrations for 1974-1975 ftom the Lead Model was justified (Agency for Toxic
Substances and Disease Registry, 1988).

2 J.I J Ventiktiea Rate
The intake of air imffftt from infancy to adultVpod The range of values for child

ventilation rates was established by EPA (U.S. Environmental Protection Agency, 1989a) as
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1.4

itw

Figure 2-10. Historical nJaUonship between lead in fafoline and lead in air in the
United States.

Source: U.S. Enviroomeettl Protection Afncy (19M), with opdrting.

2 to 3 m3/day at age 0 to 1 yean, 3 to 5 m3/day at age 1, 4 to 5 m3/day at ages 2 and 3,
5 to 7 m3/day at ages 4 and 5, and 6 to 8 m3/day at age 6. The Lead Model uses midnnge
values of 2, 3, 5, and 7 m3/day at agea 0+, 1, 2 to 4, and 5 to 7 respectively. Children
who exercise more than average wffl have a <-«rtnP<**^i*Ily greater intake, and those who
are very inactive wffl have a lower ventilation rate. The Ugher intakes may be useful in
modeling children who spend time at playgrounds or outdoor play areu near an air lead
source. Changes in activity pattern can change ventilation rate in a child or in a
neighborhood.

2J.1.3
The range of values for outdoor time was ftfihtiihrri by EPA (U.S. BBvironmental

Protection Agency, 1989a) u 1 to 2 h/day in the first year ofttfe, I t o 3 h a t a g e l , 2 t o 4 h
at age 2, and 2 to 5 h/day from ages 3 to 7. The default values in the Lead Model are 1,
3, and 4 h/day at ages 0+, 1, 2, and 3+, respectively, roughly at the middle of these
ranges. The outdoor air toad coocenuation provides a huge put of the total air lead
exposure, because the indoor air lead concentration is typically only about 30% of the
outdoor concentration (U.S. Environmental Protection Agency, 1986). Site-to-site
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differences may exist due to natural ventilation, climate, season, family activity, and
community access to outdoor play activities.

2.3.1.4 Lunf Absorption
The range of values for child lung absorption was established by EPA (U.S.

Environmntal Protection Agency, 1989a) as 25 to 45% for youog children living in non-point
source areas, and 42% for those living near point sources. The default value used in the
Lead Model is 32%. Changes in the source of airborne particulates may also affect lung
absorption. No quantitative recommendations can be made.

EXAMPLE 2-1: CharactMizing Effects of Air Lead Fhascdown on Inhalation Intake

If the Lead Model were to be used to estimate blood levels of children living in an
urban area in previous decades, when the predominant sources el-lead exposure for many

.U.S. children were air lead fan combustion of leaded gasoline and dietary lead from lead-
soldered food cans, it would necessary to use community air lead levels during that period of
tir.5. Representative values of air lead concentrations were presented in the EPA Air Quality
Criteria Document for Lead (U.S. Environmental Protection Agency, 1986, Chapter 7,
Table 7-2) for urban center or suburban locations in nine metropolitan areas for 1970 through
1984. The reductions in air toad from 1977 through 1988 attributable to the phasedown of
leaded gasoline are quite evident in both urban centers and suburban areas. For example, for
a retrospective estimate of blood lead levels in children in 1981, one would need to start with
1975 air lead levels to include prenatal exposure of children up to age 7 in 1981.
Figure 2-10 snows that air lead exposure in 1981 would be at 0.48 Mg/m3, and so on. For a
5-year old child in 1981, air lead exposure, at age 0+ in 1975 is 1.2 Mg/m3, and so on.
This adjustment in air lead concentration does not estimate the indirect effects of air lead
changes on blood lead through gradual changes in soil and dust lead. This example is
generic, not site-specific, however. The air lead data entry screen for children born in 1975
is shown in Screen 2-22.

2.3.2 Dietary Lead Menu

2 J.2.1 Total Dietary Lend Exposure
Data assembled from a variety of sources, including Market Basket Surveys

(Pennington, 1983) and representing changes in consumer behavior over time, were used to
construct dietary lead intake estimates as described in Chapter 7 of the EPA Air Quality
Criteria Document for Lead (U.S. Environmental Protection Agency, 1986). The method is
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Screen 2-22. Date entry for air. The user may input data from historical records of air
lead cooceatntions on this

based on U.S. PDA Market Basket samples in 231 food calefories and has been updated to
1988 (U.S. Environmental Protection Afency, 1989a). Because two major sources of lead in
food (lead-soldered cans and air deposition on food crops) have been greatly reduced or
eliminated, dietary lead is believed to be relatively constant since 1990, especially for
children under seven yean.

Table 2-1 shows how **i«"«*^ mean dietary lead intake depends on the child's tge,
and that this intake has changed very dnstically with the near-elimination of lead solder from
food cans nA other food parlraging in die United States since die 1970s. Where site-specific
dietary levels an not available, it is ******>**** that die values from Tabte 2-1 be used for
the appropriate yean and ages, and that die most recent values (1988) be assumed for all
future yean. Seasonal effects are omitted here since the Lead Model uses annual values for
dietary exposure parameters. For alternate exposure scenarios wim seasonal intakes, the user
may need to calculate time-weighted annual avenges from seasonal data.

If die Lead Model is used in connection with historical exposures, for such purposes is
model validation or retrospective dose reconstruction, die dietary intake data should be
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TABLE 2-1. DD2TARY LEAD INTAKE Ug/day) FOR U.S. CHILDREN BY
AGE, FOR EACH YEAR FROM 1978 TO PRESENT

19781

19791

19801

19811

19822

19832

19842

19852

1986'
1987-Present3

6-11 Mo
NE
NE
NE
NE

19.2
14.4
19.0
10.2
7.9
5.5

1 Year
45.8
41.2
31.4
28.3
25.0
18.3
22.7
10.6
8.2
5.8

2 Yean
52.9
48.0
36.9
33.8
27.5
21.9
26.4
12.3
9.4
6.5

Age
3 Years

52.7

47.8
36.9
33.7
27.4
21.4
26.0
11.9
9.1
6.2

4 Yean
52.7

47.8
36.9
36.8
27.2
21.1
25.7
n.s
8.9
6.0

5 Yean
55.6
50.3
38.7
35.8
28.6
22.3
27.1
12.4
9.4

6.3

6 Years
NE
NE
NE

NE

31.6
24.8
29.9
13.6
10.3
7.0

NOTES: NE - Not eetimated.
1 * Pttimatri by J. Cohen tad D. Sledge. Table A-2 (U.S. Eaviroomeoial Protection Agency.

1989a).
2 * U.S. Environment*1 P«eiection Agency (1986), updated with data from (he PDA Mvfcet

Baaket Survey.
3 * Avenge of 1986 Q4 through 1988 Q3. Further decnuet in food lead concentration* since

1987 are believed to be aeglifiMe.
• . Linear MtnpoiatioB between 1915 end 1917.

adjusted to the year when tfae data wen collected. For prediction in future yean, the most
recent default value for each age may be used.

2 J.2.2 Dietary Lead Eqpaura by Additional Pathways
For some children, than an important dietary lead sourees that are not characterized

by the FDA Market Baaket Svrvey data urnimarirad in Table 2-1. Child-specific or site
specific data win be needed to verify these alternative dietary lead sources. Local sources of
fruit and vegetables are used in many small towns and in rural areas. Some individuals
obtain much of their produce torn their own gardens. If the Local or home-frown produce is
grown in soils with high concentrations of lead, or if die edibk leafy portions are
contaminated by airborne lead particles, then some fraction of the environmental lead may be
added to the child's diet. The additional intake of lead in diet may become important if the
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environmental lead concentrations are sufficiently high. This was important in evaluating :he
Bunker Hill Superfund site in Kellogg ID and was included in the Risk Assessment Data
Evaluation Report (the "RADER") prepared by EPA (U.S. Environmental Protection
Agency, 1990c). Additional pathways of dietary lead exposure are discussed in
Example 2-2.

Dietary lead exposure is the product of the amount of food consumed in each category
and the concentration of lead in the food item. Normal intakes are reported by Pennington
(1983). To adjust for home gardens, a fraction of this intake may be allocated by the
Alternate Diet Entry Menu to local produce, and the rest to Market Basket produce that is
not grown locally.

Local game animals feeding on plants contaminated by lead in soil may also have
elevated lead concentrations. Lead contamination of riven and lakes by deposition and by
erosion of leaded soils may also increase lead concentrations in local fish. Some rural
families may use hunting and fishing as a significant supplement or even as dieir primary
source of animal protein. See Baes et al. (1984) for a comprehensive approach to estimating
pathways of trace elements in the food chain. A fraction of the meat and fish intake may be
allocated by the Alternate Diet Entry Menu to local game and fish.

Other consumer products may have nontrivial potential for dietary toad exposure.
These include lead-glazed or soldered cooking and food preparation utensils, ethnic or
regional preferences for food products with high lead content, and the use of oral ethnic
medicines such as "empacho" or "azarcon" that have high concentrations of lead and are
known to have caused cases of acute toad poisoning ia children (Trotter, 1990; Sawyer et ai .
1985). No general recommendations about parameter values for these sources of lead can be
made at *hi« time. Approximate intake for oral medicines may be «*»Hm»»*H from
recommended or customary doses for young children.

EXAMPLE 2-2: CharmcUriring Indirect Dietary Lead Intakes for an OU êad Smelter

Some data from the Human Health Risk Awssmmt (Jacobs Engineering, 1989) and the
RADER for Kellogg n> may be useful (U.S. Environmental Protection Agency, 1990c).
Table 2-2 shows that a large percentage of the populatkm uses local produce, that the use of
local produce increases toward the more rural Pinehurst area but the toad concentration
decreases, and that the lead levels in local produce in 1983 were enormously higher than in
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TABLE 2-2. ESTIMATES OF LEAD INTAKE FROM CONSUMPTION OF LOCAL
PRODUCE BY CHILDREN, AGES 2 TO 6 YEARS, IN KELLOGG, IDAHO

Consumption (g/day) Concentration r>g/g wet wt.) Intake o»g'day;
Percent Uiiag Number of————I————~—————————————————————————

Area Local Produce Gardens Leafy Root Leafy Root In Summer
Smelterville
Kellogg
Pinenurst
National
Market
Basket

164
36*
46*

-

2
17
20

-

25
25
25

25

15
15
15

15

6.1
6.1*
3.5

0.017

4.5
4.5*
2.2

0.041

220
220'

121

I

NOTES: * Leafy vegetable* in lettuce and spinach. Root vegetable! are carrots and beet*.
^Average of Kellogg sad Smelterville.

Annual average it 1/4 of this.

Source: RADER Table* 5-1 and 5-4 (U.S. Environmental Protection Agency, 1990).
Jacobs Engineering (I9tt) Table 7-16.

the National Market Basket samples for the same period (1982 to 1984). The calculated
increment of daily dietary lead intake during the summer months was 220 Mg/day in the
report. However, for the puipoaei of this example, we will assume that this total
consumption occurs over the coarse of the year and includes fresh as well as frozen or
canned produce to give an atonal avenge increment of 55 tig/day.

Table 2-3 shows that the lead concentration in fish in nearby Lake Coeur d'Alene in
1985 was much higher daw in tiat O^1"̂  River and higher dun fish at the average
National Pesticide Monitoring Station lead concentration for 1976/1977. A moderate rate of
consumption is two 2-oz fish portions per week, or 114 g/week » 16 g/day on average. The
incremental intake from local fish is equal to die concentration difference, 0.80 to
0.34 - 0.46 Mg/g times 16 g/day • 7.5 Mg/day.

Screed 2-23 shows dietary l» j. intakes for a typical chfld bora in 1983, and
Screen 2-24 shows die extza exposure for intake firan contaminated fish.

2.3.3 Drinking Water Lead Exposure Menu

2.3.3.1 Drinking Water Lend Default Exposure Parameters
Water sampling methods may be as first draw standing samples, partially flushed

samples, or fully flushed samples. The highest lead concentrations at the tap are usually
obtained for lead pipes, lead-alloy solder on copper pipes, or lead-alloy brass faucets and
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TABLE 2-3. ESTIMATES OF LEAD INTAKE FROM CONSUMPTION OF LOCAL
FISH BY CHILDREN, AGES 2 TO 6 YEARS, IN KELLOGG, IDAHO

Source
Lake Coeur d'Alene

(1985)
Columbia River

(1986)
National Pesticide

Monitoring Stations
(1976-1977 August)

Concentration
C*g/g wet wt.)

0.80

0.34

0.34

Fish Consumption*
(g/day)

16

16

16

Lead Intake"
0*g/day)

13.0

5.5

5.5

NOTES: Two-ounce portion*, twice t week.
"For annual average, multiply by fraction, of year when local fob an consumed.

Source: RADER Table* 5-8 and 5-4 (U.S. Environmental Protection Agency, 1990).
Jacob* Engineering (1999) Table 7-16.

Scrwn 23. Using dietary tad Intake for • child born in 19*3 (Mt Example 2-2).
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L
Screen 24. Using dietary intake from local vegetables and flan in Kellogg (see

Example 2-2).

fittings in contact with corrosive water for several noun. The new EPA National Primary
.Drinking Water Regulation for Lead (NPDWR) requires public water systems to collect first
draw samples, standing a minimum of 6 h, from a sample of homes targeted as potentially at
risk. Water lead concentrations can be significantly different for different sampling
protocols, depending on the sources of lead in water drawn through die tap. First draw
samples generally have higher toad concentrations than flushed samples. The typical effects
of different water sampling procedures are discussed in the Sampling Manual that is to
accompany this model.

Drinkmf water lead concentrations in the Lead Mode. *re held constant during the
entire seven yean of the child's exposure. In the Case Studies below, household-specifk
water lead concentrations an mad. If no bousehold-spedfic or relevant community water
lead data are available, we recommend using the default value of 4,

If a substantial fraction of the child's activity is spent outside the home, it may be
useful to separate drinking water exposure into primary residence and secondary residence or
daycare. A large number of U.S. children spend time during the weekday at daycare centers
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or secondary residences. If adults and older children in the household are either at *ork or
at school during the day, there may be two stagnation periods for drinking water during the
day—overnight, and midday. In this case, a larger fraction of the child's water lead
exposure can occur at the higher "first-draw" concentrations. Some exposure scenarios are
discussed by Marcus (1991) in evaluating the risk from lead leached out of newly installed
orass faucets. The default scenario is defined by setting 50% of the child's water intake to
household fust-draw consumption. The remaining intake consists of partially flushed intake
inside the home (35%) and water consumed outside the home (15%). The total intake of
lead in drinking water would then be:

PbW - C.5 x PbW (first draw) + 0.35 x PbW (flushed) + 0.15 x PbW (fountain)

There is no general rule for estimating the amount of water ingested from water coolers
in day care centers or other non-home locations. Since the child's activities outside the home
are likely to be different than inside the home, it is unlikely that the ratio of non-home to
home water intake is proportional to the amount of time spent away from the home versus at
home. Two drinks per day, each about 60 mL (2 oz) or 120 mL, is a reasonable upper limit
for day care intake. The default is 15% of the daily tap water intake, which ranges from
75 mL at age 1 year to 90 mL at age 6 years.

2.3.3.2 Alternate Drinking Water Exposure by Agt
The default values in the EEUBK model (Table 2-4) are taken from the U.S. EPA

Exposure Factors Hanahftnk (U.S. Environmental Protection Agency, 1989c). A survey of
drinking water consumption in U.S. children was reported by Enhow and Cantor (1989) in a
study for the National Cancer Institute. These values have been smoothed and disaggregated
into yearly values shown in Table 24. The range of values from the Enhow-Cantor data in
Table 2-5 show that the default values for the IEUBK model are similar to but somewhat
lower than the median values, but also contain information about the percentiles of the
distribution of tap water intake, about gender differences in intake and other factors that you
may find useful. A plausible scenario for elevated exposure to lead in drinking water would
be to use larger tap water intakes, such as the 90th penentile values in Table 2-5. Note that
for children receiving formula reconstituted with tap water, consumption of tap water would
be much higher, perhaps closer to one liter per day. In an assessment aclditming risks from
lead in drinking water, the exposure to infants consuming reconstituted formula requires
specific attention.
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TABLE 2-4. AVERAGE DAILY WATER INTAKE IN U.S. CHILDREN
Ershow-Cantor Study

Total (L/day)
Age (Months)

0-5
6-11

12-47

48-84

M

0.992
1.277

1.409

1.551

F

1.035
1.238

1.300

1.488

Tap (L/day)

M

0.250
0.322

0.683

0.773

F

0.293
0.333

0.606

0.709

IEUBK Model"

Age
(Mo)
0-5

6-11
12-23
24-35
36-47
48-59
60-71
72-84

Tap
Water Intake

(L/day)
0.20
0.20
0.50
0.52
0.53
0.55
0.58
0.59

(Enhow and Cantor (1989).
U.S. Environmental Protection Agency Exposure Factor* Handbook (1989e).

TABLE 2-5. TAP WATER INTAKE (LVday) BY AGE CATEGORY
Age Category

(Months)
0 - 5
6- 11
12-47
48-84

Mean
0.27
0.33
0.65
0.74

10
0
0
0.24
0.30

Percentiles
50 (Median)

0.24
0.27
0.57
0.66

90
0.64
0.69
1.16
1.30

Source: Table 2-5. Enhow aarf Cantor (19*9).

2.3.4 SoO/Dust Lead Exposure Menu
One of the moet important uses of die IEUBK model ii to compare risks among

alternative soil lead and dost lead exposure scenario*. Many of these scenarios arise in
ssinf exposure reduction strategies For example, in evaluating soil lead abatement at a

particular residential yard, we might be interested in die following sequence of comparisons:

(1) Calculate die risk of an elevated blood lead level for die present soil and
dust lead levels;
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(2) Calculate the risk of an elevated blood lead level for the replacement of
soil lead with soil having a lower lead concentration, along with cleaning
up household dust;

The first scenario describes risk to occupants with present exposure levels. The second
scenario describes risk to occupants in the distant future after lower new lead levels have
been achieved by abatement. The IEUBK model can accept input data describing both of
these exposure scenario*.

2.3.4.1 Soil and Dust Lead Default Exposure Parameters
The natural concentration of lead in soil, from weathering of crustal materials, is

estimated as about 10 to 25 pg/g. A plausible urban background is 75 to 200 Mg/g (U.S.
Environmental Protection Agency, 1989a; HUD, 1990).

It is expected that lead concentrations in undisturbed soils may persist for many
thousands of years. However, urban areas are hardly undisturbed environments and available
data (von Lindera, 1991; Jacobs Engineering, 1990) suggest that near-surface soil lead
concentrations may decrease by a few percent over a decade or so. It is usually adequate to
assume a constant soil lead concentration unless soil abatement is included in the exposure
scenario.

It is also possible that the soil becomes recontaminated over time, for example if
surface soil is abated and then is recontaminated by ongoing atmospheric lead deposition
from non-abated sites near by or by contamination from deteriorating exterior lead-based
paint. Changes in soil concentration can be incorporated on an annual basis in developing
the exposure scenario. This is done with the Option "2* on the Soil/Dust Data Entry Menu.

2.3.4.2 Expeeur* to SoU and Dust
The denuk value for total intake of soil and dust depends on age, and ranges from

85 to 135 mg/day. These values are within the ranges identified in the OAQPS staff paper
that supported the first UBK model and have been reviewed by the EPA Clean Air Science
Advisory Committee. Recent investigations by Binder et at (1986), Clausing et al. (1987),
Calabrese et al. (1989, 199lb), van Wynen et al. (1990), and Devil et al. (1990) apply the
trace element approach to quantify ingestion rate. These investigations currently constitute
the most appropriate basis for estimating the quantity of soil ingested. The results are
summarized in Table 2-6. The van Wijnen et al. data are discussed in Section 2.3.4.4. It is
likely that the intake rate depends on the child's age, activity pattern, and the total
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TABLE 2-6. DAILY INTAKE OF SOIL AND DUST ESTIMATED FROM
ELEMENTAL ABUNDANCES ___________

Soiiypust Intake, mg/day
Study

Daviset al. (1991)
Ages 2-7 years

Calabrese et al. (1989)
Ages 1 -4 yean

Binder et al. (1986)
Ages 1-3 years

Clausing et al. (1987)
Ages 2-4 yean

Element

Al
Si
Ti

Al
Ti
Y
Zr

Al
Si
Ti

Al
Ti

AIR

Median
25
59
81

30
30
11
11

121
136
618

92
269
106

Mean
39
82

246

154
170
65
23

181
184

1,834

232
1,431

124

Maximum
904
535

6,182

4,929
3,597
5,269

838

1,324
799

17,076

979
11,620

302

AIR » Acid Insoluble ReridiM.

accessible dust and soil in the environment. It is recommended that soil and dust intake be
defined by an age-dependent scenario shown in Table 2-7, as reviewed by the Clean Air
Science Advisory r"*"nti f̂ (U.S. Environmental Protection Agency, 1990b).

Two of the studies, Divis et aL (1991) and Calibrate (1989), measured the dietary
(including medication) intake of the trace elements and subtracted this quantity in estimating
soil ingestion. These studies therefore provide the most complete quantitation of ingestion.
Because Binder et al. (1986) did not measure dietary intake, die results for this study are
likely to provide an upper bound on ingestioo among those subjects. Van Wijnen et al.
(1990) did not measure dietary intake but attempted to compensate for this approach by using
the lowest observed tracer rank for each child and subtracted out a value obtained for
hospitalized children who were tmntffj not to ingest soil or dust The combination of these
two techniques may lead to a downward bias in ingestion
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TABLE 2-7. AGE-SPECIFIC SOIL AND DUST INTAKE

Age (Yean)

0 •

1 -

2 -

3 -

4 -

5 -

6 -

< 1

< 2

<3

<4

<5
<6

<7

Intake (g/day)

0 •

0.080-

0.080-

0.080-

0.070 -

0.060-

0.055 -

0.085
0.135

0.135

0.135
0.100

0.090

0.085

Adopted for
Guidance Manual

0.085

0.135

0.135

0.135

0.100

0.090

0.085

Source: U.S. EPA(1989a).

The reader should also note that there are statistical problems in interpreting an
observed median value from these studies. For example, in a. population of children who all
ingested very small amounts of soil on most days but occasionally infected larger quantities,
the median from a short term measurement study will be below the avenge daily quantity
ingested by any of the children. The mean value is not subject to this bias, and therefore is
judged to be a more meaningful measure of ingestion.

It should be noted that the 200 mg/d ingestion value presented in Superftmd guidance
can be supported as, roughly, an upper bound on mean ingestioo considering the values seen
in different ingestion studies. The values recommended for use in the model (85 to
135 mg/d) represent a more central value within the range of value* seen in different studies.

The smaller study of Clausing et al. (1987) used methods similar to the later study of
van Wijnen et at The vanes shown for soil ingestion in Table 2-7 are uncorrected for
dietary intake. The paper presents additional estimates using acid insoluble residue and
tracer excretion by hospitalized children.

2.3.4.3 Sources of Duat Exposure
Contribution from Atmotphtrie DffoMon end SoO

We recommend collecting household dust data. If that has not been done, then
Option 3 may be used to estimate dust lead concentrations. The OAQPS Exposure Analysis
and Methodology Validation (U.S. Environmental Protection Agency, 1989a), used for the
earlier version of the model on which the current IEUBK Model is based, calculates the
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contribution of atmospheric deposition and soil to house dust by linear regression models
between dust lead, soil lead, and air lead. There is a relationship between dust lead
concentration in pg/g (denoted as PbD), soil lead concentration in ng/g (denoted as PbS).
and air lead concentration in Mg/m3 (denoted as PbA). In a number of studies, statistically
significant relationship of the form:

PbD - 9 + 0S PbS + 0 PbA

This equation suggests that house dust lead concentration consists of three components:
a soil component, which is the fraction #5 of the soil concentration, an air component,
consisting of a coefficient 0A relating pg/g lead in dust to Mf/m3 of lead in air, and a third
component of #o coming from unidentified sources.

As a default value in the model, we used j8A * 100 pg/g par pg/m3 based on several
analyses. We recommend a default soil-to-dust coefficient of 0.70, which represents some
.real sites where soil is a major contribution to household dust. The reader should be aware
-that other values have been identified for other site-specific exposure scenarios.

Dust Ltad Incrtmtnt from School Dust
Dust ingestion while at school may be significant, depending on the amount of exposure

on the floor or playground. While the IEUBK model deals primarily with preschool
children, some children may be in school and subject to a more structured regimen of
hygiene and reduced dust exposure. The amount of dust ingested and its implicit fraction of
total dust ingestion is not necessarily proportional to length of time at the facility. Hygiene
and dust loading are additional predictive factors. Playground geometric mean dust lead
levels of 170 - 3,700 pg7f were reported by Duggan et aL (1985) in a sample of 1 1 British
schools.

Dust Ltad tnenmaufrom Dty Ctn
Dust imnrinn while at daycare (including nursery school and kindergarten) may be

significant, <ffp«f»«««'f on the amount of exposure on the floor or outside play area. Dutch
children who spent a considerable amount of time at a daycare center were known to ingest a
large quantity of dust and soil, although apparently much leas in rainy weather than in good
weather (van Wijnen et al., 1990).
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Dust Lead Increment from Second Home
Children often spend several hours per day in the home of a relative or in an informal

daycare setting. Dust exposure information can often be collected and used in the same
manner as for the primary home.

Dust Lead Increment Remaining from Primary Residence
When the Multiple Source Analysis option is selected on the Soil/Dust Data Entry

Menu, the IEUBK model offers the opportunity to change the soil and air parameters of the
regression equation set at 0.70 and 100, respectively ax default values. The selection of a
default value for the soil-to-dust coefficient was based on empirical data. In sites where soil
to-dust coefficients have been measured and where paint does not contribute greatly to dust,
the range was from 0.09 to 0.85. Among the sites where soil-to-dust coefficients have been
measured are the following: East Helena, 0.83 (0.81 and 0.89); Midvj|e, 0.70 (0.68, 0.72);
Butte, 0.26; and Kellogg, 0.09. Recent data suggest the coefficient decreases over time at
some sites where major sources of soil lead deposition are no longer active. The user is
cautioned, however, that the contribution of soil to dost concentration varies greatly from site
to site, and site-specific soil and dust data should be collected for use in the model. The user
may choose to enter values for alternate sources of dust, ««ieitK«i»g both an estimate of
concentration 0*g/g) and relative contribution (%) for each source. Of the five alternate
sources, two (secondary occurv.'incal dust and lead-baaed paint in home) represent
contributions to bouse dust lead within the home, and three (dust at school, dust at daycare.
and second home dust) represent exposure outside the primary home. If no selection is made
from any of these five, the house dust concentration remains as calculated from die linear
equation. If any of the five options are selected, this percentage is subtracted from the house
dust component, the contribution from all sources is falrnlatnd. and the avenge is shown on
the Multiple Source Average tine of the Soil/Dust Data Entry Menu. This line appears only
if the Multiple Source Option is selected.

2.3.4.4 Fraction of EaiMour* as Soil or Du*
We pHXifff**11* n«hi£ the tfcifaiilT HfitmrtkMi that 45 % of the total dufl intake is deriv ed

from soil. The ratio of soil intake to dust intake is not simply proportional to the ratio of the
number of waking hours that the child spends outdoors verms indoors. Children spend only
IS to 30% of their waking boon playing outside but are more likely to be in contact with
bare soil areas, in locations with large amounts of accessible loose particles, and are likely to
wash their hands less often than when they are indoors. The default 4S/5S ratio in the model
represents our best judgement of a properly weighted ratio for this parameter.
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The issue of intake of soil and dust has not been properly resolved in the scienmic
Literature. The distinction is important because there is some indication that even if sod lead
is the principal source of dust lead, there may be chemical or physical differences between
soil and dust that may affect bioavailability. Calabrese (1992) has found that most of the soU
and dust intake in a soil pica child was in the soil component, but this is hardly
representative of a larger population that may have large differences in relative exposure to
soil and dust.

Section 2.3.4.4 discusses the option to select the amount of dust and soil consumed by
the child each day. The default values are age weighted from 85 to 135 mg/day, and this
dust is ingested either during kitchen preparation of food or by hand-to-mouth activity during
indoor and outdoor play activity. This section discusses the option to allocate a portion of
the ingested dust to dust derived from soil that is ingested during outdoor play activity. This
distinction is important when there are differences between the bioavailability of dust derived
from soil and dust in the home, and when there are large differences in the concentration of
dust from the two sources. When bouse dust is thought to be mostly of soil origin and each
are r:p*ct3d to have similar bioavailability, the designation of this fraction is a moot point.
.It is in cases where bouse dost differs significantly from soil derived dust that the soil/dust
ratio becomes important. One example might be the presence of interior lead-based paint.
In this case the p*"n"lfr can be effective in separating soil derived dust and paint derived
dust into two components when both the amount ingested and percent absorbed can be
correctly input into the model.

There is some evidence oat toe soil intake is very responsive to exogenous factors,
such as weather and V*^f*m Data reported by van Wynen et aL (1990), •miiMiiMd in
Table 2-8, show the lowest sofl and dust intakes at daycare centers occurred in rainy
weather, when the children had the lent amount of outdoor activity.

There is an implicit nramptofei d*U the exterior dust diat a child ingests during outside
p^y activity is derived completely from soil, and we use soil as a surrogate for exterior dust
exposure. These intakes wen meejured during a 3 to 5 day sampling period, when soil and
dust intake •**"«•** ranged torn 33 to 88 mg/day for children aged 1 to 2 yean and from
12 to 62 mg/day for children older man 3 yean. The intake of soil and dust is describe in
detail in Section 2.3.4.2.

In the absence of any better data, we have reanalyzed and reinterpreted the van Wijnen
et al. data based on the assumption that the rainy-weather intake is only interior dust, and
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TABLE 2-8. MINIMUM PERCENTAGE SOIL INTAKE AS A FUNCTION OF AGE
IN DUTCH CHILDREN IN DAYCARE CENTERS' ________

Estimated Geometric Mean LTM. mg/day
Age Cyears)

<1

1 - <2

2 - <3

4- <5

Good
102(4)

229 (42)

166(65)

132 (10)

Rainy
94(3)

103 (18)

109 (33)

1M(S)

Difference (mg'd)

8

126

57

8

'Minimum daily infection of acid insoluble MtdiM or other tracers, denoted LTM (Limiting Tracer Method)
from Table 4 in Van Wijnao «t al. (1990). Nuaber of children *aw» to |

that the good-weather intake is both interior and exterior dust although probably with a
smaller amount of interior dust than in rainy weather. The authors also made the distinction
between soil and dust in their discussion of the study. For our nanarysis, we took the rainy-
weather intake by age as dust and the good-weather intake at sofl plus dust, to estimate an
age-related difference of 8 to 126 mg/day soil (Table 2-8). The dtffcieuui between LTM
during good weather and LTM during mostly rainy weather is believed to be a lower bound
on the soil intake. The combined intakes of soil and dust «e^nMt»«f by other authors are of a
similar order of magnitude, such as the median soil and dust intake of 25 to 81 mg/day found
by Davis et al. (1991) for children of ages 2 to 7 yean in Richlifld-Pasco-Kennewick,
Washington. We therefore assume that a substantial fraction of the combined soil and dust
intake in U.S. children is in the form of sofl, at sagfesttd by Ike large difference in
Table 2-8 between good and rainy weather intakes, aad a subattKial fraction is in dust, as
suggested by the large intake during nsay weather, m Tahiti-8: The minimum intake,
denoted LTM for Limiting Tracer Method, has not been corrected for food intake.
However, it is Ukery that the differences between LTM intakes do not depend on food intake

2.3.4.5 BleeTaflabflityofL«edinS«41andD«s<
T/be current assumptkM rn dM Lead Modd is dK 30% rf is

absorbed into die blood. This is assumed to be partitioned into a nonsaturabie component of
6% and a saturable component of 24%. Some investigators (Staete et si, 1990) argue that
the bioavailability of lead in soil from some old lead mining sites is much less than that of
dissolved lead salts for several reasons: (1) large lead particles may not be completely
dissolved in the GI tract; (2) the solubility of chemical species commonly found in mine
wastes, particularly lead sulfide, is much lower than that of other lead salts. These
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hypotheses are based on studies in small laboratory animals such as rats ("Baritrop and Khco.
1975: Baritrop and Meek, 1979), and while the results may be qualitatively relevant to
humans, it is not clear how they should be extrapolated to humans or to other large anirnaJs
with similar physiological properties such as baboons or swine.

2.3.5 Alternate Source Exposure Menu

One possible use of the Alternative Source Exposure Menu is the direct ingestion of
chips of lead-based paint (LBP). The user might assume that a child with pica for paint
ingests one paint chip per day. If this chip weighs 0.3 grams and contains lead at 10%
(100,000 Mg/g), then the calculated ingestion is 100,000 pg/g x 0.3 g/day, or 30,000 ><g/day
each day for a year. Note that this exposure would be in addition to exposure to lead-based
paint in housedust, which is Option 4 in the Multiple Source Menu of Soil and Dust. The
limited information available on the bioavailability of lead in paint chips suggests that at
doses this high, absorption mechanisms may be largely saturated (Mailon, 1983), which
-would indicate appropriate adjustments in bioavailability. The user is referred to
Section 4.7, and is encouraged to review the Uterature on this topic prior to making a risk
assessment decision. Similar calculations can be made for the ingestion of soil or other non-

•food items.

2.4 STARTING AND RUNNING THE MODEL

2.4.1 Loading and Starting the Model

The IEUBK Model is a stand alone software package that requires only an IBM
compatible PC with DOS. The diskette accompanying this manual contains the following
files:

LBAD99d.HXB (the main program file)
PBHELP99.RLP (a help file)

PBSTAT.EXE (the statistical package)

Several *.BGI files (for graphic output)

One or more EXAMPLE*.DAT (sample data sets)
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Copy all files into a directory of your choice, then type LEAD99d at the DOS prompt
to start the program. The initial screen gives the model name and version number. Several
information screens with recent developments and other news items then follow. The Main
Menu gives the user access to all of the menus described in this chapter.

While the LEAD99d.EXE file occupies only about 160 KB on the hard drive, it will
expand to a much larger size when loaded into RAM. Normally, a PC with 640 KB has
enough RAM to run the prognm, but there may be some conflicts with TSR (Terminate and
Stay Resident) programs. It may be necessary for the user to remove some TSR programs in
order to run the IEUBK Model.

The Model does not require a math co-processor, but ̂ i^ia^m may take up to
20 times longer without a co-piocessor.

2.4.2 Running the Model

The user should fill in the worksheet in Figure 2-11, which defines the exposure
scenario, before proceeding with the parameter entries and the computations.

2.4.2.1 Computation Options
The computation menus present the user with a set of computation choices. One choice

is the iteration time step, Selection "2". These choices range from 15 minutes to 30 days.
The default of 4 hours is adequate for most purposes. Setting this option on the RUN Menu
also sets the iteration time for other computation modes, inHiutinj the Batch Mode.

2.4.2.2 Output Optim
At any time during the session, the program may be saved to a designated file. This

gives the user the option of retrieving a set of parameters at some future session without
reentering the parameters individually. After each model run, the user can select one of
several plot options, which can be viewed on the" screen, printeu u> file or sent to a printer.
Most plots generated by the model can be printed by using the F10 key on the keyboard.
The program presently interfaces with nine standard printer types or orientations. The
Graphics Menu selection "7" allows user-specified scaling of die X-axis variable. Future
versions of the model may have additional output options.
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IEUBK MODEL WORKSHEET i

SITE OR PROJECT:

Model Run Control Number:

PARAMETER

Model
Version: Date:

Site Description:

DEFAULT
VALUE

USER SELECTED
OPTION UNITS

AIR (constant)

Outdoor air lead concentration

Ratio of indoor to outdoor air laid concentration

0.10

30
M«/n3

%

AIR (by year)

Air concentration
Age * 0-1 year (0-11 mo),

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-S4 mo)

Time outdoors
Age * 0- 1 year (0-11 mo),

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-7 yean (36-83 mo)

Ventilation rate
Age - 0-1 year (0-11 mo),

1-2 yean (12-23 mo)
2-3 yean (24-35 no)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 aw)
6-7 yean (72-84 mo)

Lung ibmptioa

.10

.10

.10

.10

.10

.10

.10

1
2
3
4

2
3
5
5
5
7
7

32

DATA ENTRY FOR HET (by y

Dietary lead mtaks
Age * 0-1 year (0-11 mo),

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 me)
6-7 yean (72-84 mo)

5.53
5.78
6.49
6.24
6.01
6.34
7.00

ear)

Mg/m3

a/day

m2/day

%

«Pb/day

figure 2-11. Integrated exposure uptake biokinetic model sample worksheet.

2-47

.*••



DATA ENTRY FOR ALTERNATE DIET SOURCES o»y food class)
Concentration:

home-grown fruits
home-grown vegetables
fish from fishing
game animals from hunting

Percent of food class:
hczi*-grown nuiti
hone-grown vegetables
fish from fishing
game animals from hunting

0
0
0
0

0
0
0
0

Mg Pb'g

'
DATA ENTRY FOR DRINKING WATER

Lead concentration in drinking water

Ingeetion rate
Age - 0-1 year (0-11 mo).

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

4

0.20
0.50
0.52
0.53
0.55
0.51
0.59

Mg/L

liters/ day

DATA ENTRY FOR ALTERNATE DRINKING WATER SOURCES

Concentration
first-draw water
flushed water
fountain water

Percentage of total intake
first-draw water
flushed water (not a user entry; calculated

based on entries for ftm-dnw and fountain
percentages)

fouotaiaweejr

4
1

10

50
lOOmiaue

Ant draw attd
fountain

15

Mg'L

DATA BNTRV FOR SOIL/DUST (i annul)

Concentration
Soil
Dust

Soil ingeetion at percent of total soil sad dust
ingeatioa

200
200

45

MI/I

%

Fifure 2-11 (cont'd). Integrated exposure uptake biokinetk model ample worksheet.

2-48



DATA ENTRY FOR SOIL/DUST INGESTION (by year)

Soil/dust ingestion
Age = 0-1 year (0-11 mo),

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yam (72-84 mo)

0.085
0.135
0.135
0.135
0.100
0.090
0.085

g day

DATA ENTRY FOR SOIL (by year)

Soil lead concentration
Age * 0-1 year (0-11 mo)

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

0
0
0
0
0
0
0

Mg/g

DATA ENTRY FOR DUST (by year)

Dust lead concentration
Age - 0-1 year (0-11 mo)

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

0
0
0
0
0
0
0

Mg/g

DATA ENTRY FOR SOU/DUST MULTIPLE SOURCE ANALYSIS (constant)

Ratio of dust lead concentration lo soil lead
concentration

Ratio of dust lead rocrasJiiriosj to outdoor sir

0.70

too

unitless

M Pb/g dust

Pb/m air

DATA ENTRY FOR SOIL/DUST MULTIPLE SOURCE ANALYSIS WITH A ^RNATTVE
HOUSEHOLD DUST LEAD SOURCES (coasts*)

Coocentratioa
household dust (calculated)
•«. .n^Unr j-Lj-j-ilrL^rjjT^|[ (fmt

school dust
daycare canter dust
second home
interior Isad based paint

150
1.200
200
200
200
1,200

Ml/I

Flfure 2-11 (cont'd). Ii exposure uptake btokinetk model sample worksheet.
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Percentage
household dust (calculated)

secondary occupational dust
school dust
daycare center dust
second home
interior lead-baaed paint

100 minus all
other

0
0
0
0
0

%

BIOAVACLABIUTY DATA ENTRY FOR ALL GUT ABSORPTION PATHWAYS

Total lead absorption (at low intake)
diet
drinking water
soil
dust
alternate source

Fraction of lead absorbed passively at high intake
diet
drinking water
soil
4v«t
alternate source

50
50
30
30
0

0.2
0.2
0.2
0.2
0.2

DATA ENTRY FOR ALTERNATE SOURCES (by year)
Total lead intake
Age * 0-1 year (0-11 mo).

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (4S-S9 mo)
5-6 yean (60-71 ma)
6-7 yarn (72-14 mo)

0
0
0
0
0
0
0

*

unities*

Mg'day

DATA ENTRY MENU FOR MATERNAL-TO-NEWBORN LEAD EXPOSURE
Mother'i blood lead level at One of birth

DATA ENTRY MENU FOR PI

Geometric enodvd deviation for blood lead,
GSD
Blood MAO MVM Oi oooc0nf of cutoff

2.5

jOTTING AND RISK ESTIMATION

1.6

10

COMPUTATION OPTIONS

Iteration time Hap for oumarical intafntfoa 4

Mg/dL

unities!

Mg/dL

h

Figure 2-11 (cont'd). Integrated exposure uptake btokinotk model sample worksheet.
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3. QUICK REFERENCE FOR THE
EXPERIENCED USER

3.1 FINDING YOUR WAY THROUGH THE MENUS

The Lead Model is a menu driven program. There is no need to remember special
commands, just a cu.soiy understanding of the menu structure. Often you can find what you
want just by exploring the various menu options, and familiarity with the model is the best
way to shorten this journey. For your reference, a complete menu tree is given in
Figure 3-1. Use caution with unfamiliar menu options. Detailed explanations are given in
Chapter 2, and more complete documentation may be found in Chapter 4 for most menu
options. These should be reviewed before final decisions are made on critical model runs.

3.2 PARAMETER LIST WITH DEFAULT VALUES

The values in Table 3-1 have been assumed for the parameters of the model. These are
our best estimates for urban residents with no unusual lead exposures. The estimated blood
lead levels with the default parameters represent our best estimate of the blood lead
"background" levels that cannot be avoided. The adjustable parameters are listed by screen
in the order in which they appear in the model.

Default values are provided for the convenience of the user, but these values may not
be appropriate for specific applications. The user has the ultimate responsibility for
justification of values used in the applications of the model. We recommend that the user
review each of the pin"f1fr values in Table 3-1. Most of die parameters will not need to
be modified, but die uaer should be aware of them. Sensitivity analyses on parameters will
be useful in documenting results. Many default parameters in die model have only a minor
effect on die results (Le., a 10% change in die air lead concentration parameter will change
blood lead levels by less dan 1%), but some parameters may be more influential.
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Figure 3-1. Lead model menu tree.

3.3 BATCH MODE INPUT FORMAT

You may find a number of circumstances in which it is convenient to enter input data
for many similar exposure scenarios in a single run of die model. Option 4 of the
Computation Menu allows you to use a different age or a different value of die lead
concentrations in soil, dust, water, air, and alternate lead intake sources for each exposure
scenario. The media intake and absorption parameters are the same for every exposure
scenario in the run and must be specified before using this option, unless default values are
used. These situations may include, but are not limited to:
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TABLE 3.1. DEFALXT VALUES FOR MODEL PARAMETERS
___PARAMETER___________DEFAULT VALUE UNITS

AIR (constant)
Outdoor air lead concentration

Ratio of indoor to outdoor air lead concentration
0.10

30
Mg.'m3

%
AIR (by yew)

Air concentration
Age * 0-1 yew (0-11 mo).

1-2 yean (12-23 mo)
2-3 years (24-35 mo)
3-4 years (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yewi (72-84 mo)

Time outdoors
Age * 0-1 yew (0-11 mo),

1-2 yewi (12-23 mo)
2-3 yean (24-35 mo)
3-7 yewi (36-83 mo)

Ventilation rate
Age » 0-1 yew (0-11 mo),

1-2 yews (12-23 mo)
2-3 yewi (24-35 mo)
3-4 yewi (36-47 mo)
4-5 yewi (48-59 mo)
5-6 yewi (60-71 mo)
6-7 yews (72-84 mo)

Lung absorption

.10

.10

.10

.10

.10

.10

.10

1
2
3
4

2
3
5
5
5
7
7

32

Mg/m

h/day

m day

%

DATA ENTRY FOR DIET (by yew)
Dietary lead intake
Age- 0-1 yew (0-11 mo).

1-2 yean (12-23 mo)
2-3 yews (24-35 mo)
3-4 yam (3*47 mo)
5-6 yaan (41-59 mo)
5-6 yean (60-71 mo)
6-7 yam (7244 mo)

5.53
5.71
6.49
6.24
6.01
6.34
7.00

Hi Pb /day

DATA BNTHY FOR ALTERNATE DIET SOURCES (by Ibod da.)
Concentration:

home-grown fruits 0 Mg Pb/g
home-grown vegetables 0
fish from fishing 0
game animals from h"n>lin 0
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TABLE 3-1 (cont'd). DEFAULT VALUES FOR MODEL PARAMETERS
____________PARAMETER___________DEFAULT VALUE____UNITS

Percent of food class:
home-grown fruiu 0 ^
home-grown vegetables 0
fish from fishing 0
game animals from hunting_________________ 0

____________________DATA ENTRY FOR DRINKING WATER________
Lead concentration in drinking water_________________ 4 wg/l_
Ingestion rate
Age- 0-1 year (0-11 mo), 0.20 liters/da)

1-2 yean (12-23 mo) 0.50
2-3 yean (24-35 mo) 0.52
3-4 yean (36-47 mo) 0.53
4-5 yean (48-59 mo) 0.55
5-6 yean (60-71 mo) 0.5*

_____6-7 yean (72-84 mo)________________________0.59__________
DATA ENTRY FOR ALTERNATE DRINKING WATER SOURCES

Concentration Mg/L
first-draw water 4
flushed water 1
fountain water____________________________ 10

Percentage of total intake
first-draw water 50 %
flushed water 100 minus first draw

and fountain
fountain water________________________________15

__________________DATA ENTRY FOR SOIL/DUST (constant)_______________
Concentration

soil 200 Mg'g
dust_____________________________________200_______________

Soil ingeetioo as percent of teal soil and dust ingettion____________45___________%
___________DATA ENTRY FOR SOIL/DUST INOESnON (by year)___________
Soil/dust mart nsj
Age- 0»1 ywr (0-11 aw).

1-2 yean (12-23 mo)
2-3 yeaw (24-35 •»)
3-4 yem (3*-47 mo)
4-5 yean (4t-59 mo)
5-6 yean (60-71 me)
6-7 yean (7244 BO)

0.015
0.135
0.135
0.135
0.100
0.090
0.015

I/day
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_____TABLE 3-1 (cont'd). DEFALXT VALUES FOR MODEL PARAMETERS
_________PARAMETER__________DEFAULT VALUE LSTTS
____________ DATA ENTRY FOR DL'ST (by year)

Dust lead concentration
i ^ .. _ _ _.. / i ^1-2 yean (12-23 mo) 0
2-3 yean (24-35 mo) 0
3 -4 yean (36-47 mo) 0
4-5 yean (48-59 mo) 0
5-6 yean (60-71 mo) 0
6-7 yean (72-84 mo)_________________________0

MS g

_________DATA ENTRY FOR SOIL/DUST MULTIPLE SOURCE ANALYSIS (constant)
Ratio of dust lead cooeaatrstioa to Mil lead concentration 0.70 umtless
Ratio of dust lead concentration to outdoor air lead concentration 100 pg Pb/g dust per

_______________________________________________________M» Pb/m3 ur
DATA ENTRY FOR SOIL/DUST MULTIPLE SOURCE ANALYSIS WITH ALTERNATIVE

________________HOUSEHOLD DUST LEAD SOURCES (coanant)______________
Concentntioo

household dust ISO jig/|
secondary occupational dust 1,200
school dust 200
daycare center dust 200
second home 200
interior lead-based paint ___ __ 1,200

Percentage
household dust 100 minus all other %
secondary occupational dust 0
school dust 0
daycare center dust 0
second home 0
interior lead-based paint___________________________0________________

________BIOAVAILABUTY DATA ENTRY FOR ALL OUT ABSORPTION PATHWAYS_______
Total lead absorption (at tow intake)

diet 50 %
drinking water 50
soil 30
dust 30
alternate soarc*________________________________0_________________

Fraction of teed absorbed pnaejvefr at U|h intake
diet 0.2 unitless
drinking Water 0.2
soil 0.2
dust 0.2
alternate source 0.2
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TABLE 3-1 (cont'd). DEFAULT VALUES FOR MODEL PARAMETERS
______________PARAMETER_______________DEFAULT VALUE_____L"MTS
________________DATA ENTRY FOR ALTERNATE SOURCES (by year)

Total lead inuke
Age- 0-1 year (0-11 no), 0 >»«'dav

1-2 yean (12-23 mo) 0
2-3 yean (24-35 no) 0
3-4 yean (36-47 mo) 0
4-5 yean (48-59 no) 0
5-6 ytws (60-71 no) 0

_____6-7 yean (71-t4 no)________________________0_____________
_________DATA ENTRY MENU FOR MATERNAL-TO-NEWBORN LEAD EXPOSURE_____

Mother i blood lead Level it time of birth___________________2.5_______ Mg/dL
DATA ENTRY MENU FOR PLOTTINO AND RISK ESTIMATION

Geometric standard deviation fbr Mood to«d. GSD_____________ 1.6 unitlew
Blood lead level of concern, or cutoff_____________________10

COMPUTATION OPTIONS
Iteratioa time sup for nunerical integration 4

(1) comparison of predicted values from the Integrated Exposure/Uptake
Biolrinetk (IEUBK) model with actual blood lead levels observed in a
blood lead and environmental lead field study such as illustrated in
Table 3-2.;

(2) risk "•rf'Mfr1*" using predicted values from the IEUBK model with actual
environmental lead levels observed in an environmental lead field study;

(3) estimation of the effect of variability in environmental lead levels on the
distribution of Mood lead levels in the population;

(4) sensitivity analyses on the impact of environmental lead exposure.

Tbe input data fik fbr a batch run must be created outside the IEUBK model using whatever
text editor the user prefers. The following conventions MUST be observed in creating the
batch file:
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TABLE 3-2. FORMAT FOR BATCH MODE INPUT DATA FILE
(SIMLXATED DATA)

Huder UM 1 > INPUT DATA FILE FOR A MONTE CARLO SIMULATION
Header lint : > FIRST THREE COLUMNS RANDOM NOS FOR SOIL. OUST, BLOOD
H«d«r hn< 3 > ID FAM NBHD AOI PIS PBD PBW PBA ALT PBB
1
:
3
4

5

6
7

I

9

10

11

12
13
14

15
16
17

IS
19

20
21
22
13
24

23
26
27
2S
29
30
31
32
33
34
35
3«
37
3«
39
40

F?-l

F?-2
FP-3
FP-*
FP-5
FF-6
FP-7
FT-I
FP-9
FP-IO
FR-1
FR-2
FRO
FR-4
FR5
FR-6
FR-7
FR-I
FR-9

FR-10
FR-tl
FR-1 2
FR-13
FR-1 4
FB-1
FB-2
Ft-3
FB-4
FB-3
F»4
F»-7

FB4
PV*
FB-IO
FM1
FB-12
FB-13
FB-14
FS-IS
FVrlS

PIONEER. HILL
PIONEER.K1U.
PKDNEER.HUJ.
WONEER.KILL
nONEER_HLL
nONEERJOLL
PIONEER JOL1.
PIONEERJOLL
PIONEER.WLL
PIONEER.HIU.
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
RIVERSIDE
BROME.ST
BUDOE.ST
BJUDOE.ST
BRnX3E_ST
BUDOE_ST
BBlDOE.ffT
mwamjn
-»«DOI_ST
AoxiB.fr
EtBai.fr
EtJDOE.ST
BUDOE.ST
EftBOt.ST
BRlDOBjrr
BRIDOE.ST
tfflPOE f{

It
11
11
It
II
11
11
11
It
It
11
11
tl
It
II
11
11
11
11
II
II
II
11
11
II
II
II
II
11
11
II
11
It
II
11
11
II
II
It
11

5100
200.0
373 I

10425
5192

31236
19312

2175
1227.0

321.7
631.9
557

336.3
666.9

2005.6
3941

11133
4501
210.2
650.6
231.4
2566
6362
100.3
67I.<
2494
291.5
750.9
193

943.2
1661.6
13991
1224.1
1905.1
3M.3
62.5
7S.I

391.3
461.6
461 6

4571
159 t
4753

1361 6
332.7

1117.6
12951
6499

19975
405.5

51.4
23.9

6M.6
221.5

1532.1
9J.7

692.1
06
94.7

6K2.0
314.2
41.0

219.*
31.3

605.4
I34J
127.1

2514.1
135.4
212.4
349.2
50S.O
50J.O
97IJ

27J7.I
444.7
49J
IS.6

U3.7
U3.7

4 0

40

40

40

4 0

40
40
4.0
40
40
40
4.0
4.0
40
4.0
40

4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0
44
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0

4.0
4*
4.0
4.0
4.0

0 1
01
0 1
0 1
0.1
0.1
0 1
O.I
O.I
0.1
0 1
0.1
01
0.1
0.1
O.I
0.1
0.1
O.I
0.1
O.I
O.I
0.1
O.I
O.I
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
O.I
O.I
0.1
O.I
0.1
0.1

0 0

00

00

00
00
00
00

0.0
00
0.0
0.0
00
00
0.0
0.0
00
00
00
00
00
00
00
00
00
00
00
00
0.0
0.0
0.0
0.0
00
0.0
0.0
o.:
0.0
0.0
0.0
0.0
0.0

: t
: 3
3 4

8 •
: ?
6 3
4 9

11 8

23 3
4 4

5 6
2.0
4 1

32
262
2 3
4. '

: 4
: 5
4 S

: o
:o
4 4

3 :
100
2 0
4 1

4 5
3 3

6 7
11 9

60

59
4 6

13 4

3 9
5 4

1 2
1 7

1 9
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• The input data file must be an ASCII fde with no special characters.

• The data set must have a DAT extension (i.e., [nameJ.DAT).

• The first three lines of the input data file can be any identifiers that the user
requires; we usually use the first line for the run name, the second line for
modelling options used in the run, and the third line as headers for
variables in the data set;

• The data fields are entered format-free, although the use of regular spacings
and alignment of decimal points are recommended to improve readability;

• Maximum width 80 columns;

• Variable values should be separated by spaces;

• Missing values must be shown by an isolated decimal point as in some
examples in Chapter 5;

• Each line in the input data file must contain the following 10 variables:

1. Child identifier or code
2. Family or residence unit identifier or code
3. Area or neighborhood identifier code
4. Child's age in months
5. Soil lead concentration in pg Pb/g
6. Dust lead concentration in pg/g
7. Drinking water lead concentration in /tg/L
8. Air lead concentration in pg/m*
9. Daily intake of lead from other sources, pg Pb/day

10. Observed child blood lead level.

In Chapter 5 we will demonstrate an approach to using the IEUBK model in the batch
mode option. Soil, dust, and blood lead "data" were simulated using realistic parameters for
sites with active air lead point sources. The attached Table 3-2 shows a batch mode input
data file for 40 children. All were assumed to be 18 months old and had oefault air, water.
and alternate source lead values. The first three columns in Table 3-2 are the child
identifier, the family identifier (note simulated twins as ID 39 and 40), and the
"neighborhood". These fields could be any alpha-numeric identifiers defined by the user.
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3.4 OUTPUTS FOR DOCUMENTATION, BRIEFING, AND
PRESENTATION

3.4.1 Overview of Output Options

The EEUBK model includes some output options that facilitate presentation of the
results and testing of the results for parameter sensitivity. These options may be a useful
pan of the documentation for decisions in which the IEUBK model plays a role. We will
first describe the output options, and then show some of their applications. Some sensitivity
analyses can be facilitated by the use of these options.

3.4.1.1 Plotting (Option 2)
Single-Plot Options (Selections 2 and 3)

Some plot options can be used with single runs of the IEUBK model, and others require
multiple runs. Single-run options include:

• Plotting the log-normal probability density function of blood lead levels for
a single exposure scenario predicting geometric mean blood lead
(Selection 3);

• Plotting the cumulative probability distribution for exceeding any user
specified blood lead level of concern for a singk exposure scenario
(Selection 2). This is sometimes called the exceedance probability
distribution.

The probability density inaction gives most users a better idea of the spread of blood
lead levels for children exposed to a single set of environmental lead concentrations. The
exceedance probability distribution may be used to visually estimate the faction of children
above a blood lead level of concern for the single-exposure case (e.g., what fraction of
children are above 10 pf/dL), or to visually estimate the blood lead level corresponding to a
specified fraction of children (e.g., what Nood lead concentration encompasses 95% of the
children). The user may route the probability plots to a printer after viewing the display.

Multiple-Plot Options (SeUttions 1,4, and 5}
There are additional features that allow the user to combine output from several runs

onto single plots. These multiple-run options include:
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• Overlaid plots of the log-normal probability density functions of blood lead
levels for multiple exposure scenarios, where each run increases the lead
concentration in a specified medium by a user-defined amount (Selection 5);

• Overlaid plots of the cumulative exceedance probability distributions of
blood lead levels for multiple exposure scenarios, where each run increases
the lead concentration in a specified medium by a user-defined amount
(Selection 4);

• Plots of geometric mean blood lead levels versus environmental lead levels
for the medium whose values are varied (Selection 1).

Selection 1 cannot be used unless the user has previously created an output file from the
Computation Menu, designated *.PBM. Selections 4 or 5 cannot be used unless the user has
previously created an output file from the Computation Menu, designated ".LAY.

The overlaid probability density functions give most users a better idea of how the
probability of exceeding a blood lead level of concern increases with each increment in
environmental lead. The exceedance probability distributions may be used to estimate the
increases in the fraction of elevated blood lead levels or to visually estimate the
environmental lead levels corresponding to a specified fraction of non-protected children
above the level of concern.

3.4.1.2 lisa* of Batch Mod* Analysis (Option 4)
Results from multiple exposure scenarios can be accumulated using the batch mode

options. For sensitivity analyses involving constant concentrations in air, water, dust, soil.
or an alternate medium whose intake is constant, it is possible to create a batch mode input
file in which each Hue represents a different case for the analysis. However, with Option 4
it is only pottibte to cany out sensitivity analyses in which the cases differ on die basis of
concentration. Other types of sensitivity analyses require the accumulation of single runs in
an overlay flat.

Another application m which batch mode methods are useful is a Monte Carlo analysis
in which all the modelled variability is assigned to differences in die environmental
concentrations. The results can be stored in a batch mode output file which may then be
used for statistical analyses.
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3.4.2 Detailed Instructions on Output Options

3.4.2.1 Save Output from a Single Run

1. Develop an exposure scenario.

2. Run the model (Selection 2 on Computation Menu, or F5 from any Data
Entry Menu).

3. Save wcaks (Selection 2 after running the model). Results may be
appended to the file RESULTS.TXT, or added to an overlay plot file
defined by the user with name [name].LAY.

4. Results may be sent to a printer.

3.4.2.2 Save Output from Multiple Runs for Probability Plots (Option 3 on Range
Selection Menu)

1. Develop an exposure scenario

2. Use the Multiple Runs option (Option 2) on the Computation Menu.
1- Select the medium (Soil, Dust, Air, Water, Diet)
2- Select the lower and upper values for the medium
4- OUTPUT CHOICES

- Select number of steps from small to large
- Send results to overlay file RANGE(f+1).LAY, where the output

file is automatically named by increasing the index of the largest
numbered (I) current RANGE*.LAY file.

3. Results may be not to a printer.

3.4.2.3 Save Output from Multiple Runs for Media-Level Plots (Option 3 on the
Computation Mean)

1. Develop an expoeote scenario

2. Use the Media Bum option (Option 3) on the Computation Menu.
1- Select the medium (Soil, Dust, Air, Water, Diet)
2- Select the lower and upper values for the medium
4- OUTPUT CHOICES

- Select number of steps from small to large
- Change the age nnge for calculating mean blood lead.
- Send results to overlay file MEDBUX*+1)-PBM, where the output file is

automatically named by increasing the index of the largest current
MEDBLDf.PBM file.
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3. Results may be sent to a printer.

3.4.2.4 Save Output from a Batch Mode Run (Option 4 on the Computation Menu)

1 Create a batch mode input data file, [name].DAT.

2. Use the Batch Mode Run option (Option 4) on the Computation Menu.

3. Load the [name].DAT file you have created.

4. Rename the output data file [newname].' if required in the Run step.

5. Run the model.

The output data sets are named [newname].ASC and [newname].TXT, or
[name].ASC and [name].TXT if not renamed.

3.4.2.5 Probability Plots for Single Runs

For Current Runs Using Option 2 on Output Menu:

1. Run the model with user-defined exposure scenario in Option 2 on Output Menu.

2. Then choose Selection 2 or 3 in the Graphics Selection Menu.

3. Choose the Age Range.

4. Print graph, without exiting, by using the F10 key, then selecting printer type

If the user has exited from the current Run, but has not done any further runs, then
Steps 3 through 5 can be executed by returning to the Graphics Menu and executing
Option 2 or 3.

For Current Runs Using Option 2 on Output Menu:

1. Run the model with user-defined exposure scenario in Option 2. If the user has
aborted the ...JS in Option 2, but has not done any runs since, then the last
complete run may be plotted as above. The procedure is:

2. Select Option 3 in the Main Menu, then option 2 on the Output Menu.

3. Then choose Selection 2 or 3 in the Graphics Selection Menu.

4. Choose the Age Range.

5. Print graph, without exiting, by using the F10 key, then selecting printer type.
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3.4.2.6 Probability Plots for Multiple Runs

1 Run the model with user-defined exposure scenario in Option 2 on the
Computation Menu. Do not abort the runs in Option 2.

2. Select Option 3 in the Main Menu, then Option 2 on the Output Menu.

3. Then choose Selection 4 or 5 in the Graphics Selection Menu.

4. Identify the ".LAY data set to plot.

5. Choose the Afe Range.

6. Print graph, without exiting, by using the F10 key, then selecting printer type

3.4.2.7 Multi-Level Plots for Blood Lead Venus Media Lead

1. Run the model with user-defined exposure scenario in Option 2 on the
Computation Menu.

2 Select Option 3 in the Main Menu, then Option 2 on the Output Menu.

3. Then choose Selection 1 in the Graphics Selection Menu.

4. Identify the MEDBLDf .PBM data set to plot.

5. Print graph, without exiting, by using the F10 key, then selecting printer type

Batch mode files can be used for display or documentation through the statistics
module on the Batch Mode Menu, Option 4.

3.4.3 Recommendation* on Multi-Level Soil Lead Exposure Scenarios

The IEUBK model curie* out multi-level analyses by increasing the concentntion of
the user-specified medium by equal steps at each run, and holding everything else consta-
When evaluating different soil lead exposure scenarios, it may be preferable to keep a
constant soil-to-dust coefficient so that dust lead exposure increases with increasing soil lead
exposure. This can be done by first invoking the Multiple Source Analysis for dust and
defining the dust lead to soil lead coefficient. This is particularly important if some
component of the soil lead abatement is expected to permanently alter the soil to dust
pathway.
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4. MORE ABOUT THE MODEL1

4.1 LEAD BIOAVAILABILITY

4.1.1 Background

The concept of bioavailability is important for site-specific risk assessments for lead.
Toe concept springs from the fact that lead potentially available to produce harm and found
in exposure pathways or in body receiving compartments (lung, skin, gut) must reach the
biological sites of action in order for an adverse health effect to occur in exposed humans or
ecological biota.

This section focuses primarily on the bioavailability of inorganic lead from soils and
dusts. Lead bioavailability from air and drinking water is also important and is discussed in
limited detail below. In order to provide coherent and useful guidance to the reader and user
of this chapter, it is subdivided into (1) introductory material that includes definitions of
bioavailability and resource material in the technical literature; (2) the close lead absorption-
jioavailability relationships, tndmjing the physiological 9*4 biochemical mechanisms of lead
absorption and the many, <^?mpfr* factors that influence such uptake; (3) the main focus of
the chapter, bioavailability as k relates to human and experimental toxicology, including the
various biophysico-cbemkal and environmental aspects of the lead exposure matrix,
methodological approaches in toxicology for quantifying bioavailability, the increasingly
important question of relevant experimental animal models for quantifying lead bioavailability
in humans; and, finally, (4) a summary and critical overview, which attempts to spell out the
appropriate uses of bioavailability information and limits to use this information in site-
specific risk

4.1.2 Definitions

A dear agreement on a definition of bioavailability should be rerr.hliihcid before one
presents a detailed discusskn of this topic. The difficulty here is that there are various

4lu» chapter!* intended to provide guidance oa eon* techtu^ We have
attempted to provide the bat irimiflr documentation available but recofnua net new information may become
available in theee rapidly advaacia| field*. The uear i* referred to Section 1.6 fat information on how to get
additional and more up-to-date laeiatanci with specific application! of the model.
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definitions of bioavailability depending on the scientific discipline using the term and the
technical context of use.

Typically, the pharmacologist or lexicologist or others in biomedical disciplines are
concerned with measuring bioavailability as that fraction of the total amount of material in
contact with a body portal of entry (lung, gut, skin) that then enters the blood. For the
purpose of describing the Integrated Exposure Uptake Biokinetic (IEUBK) Model, this is the
definition to be used in this manual. However, an aquatic biologist may define
bioavailability as that fraction of material solubilized in the water column under certain
conditions of hardness and pH. An aquatic toxicolofist might consider contaminants which
are soluble under specific stream conditions to be btoavailable to fish or benthk organisms.
A biochemist or biochemical lexicologist would consider bioavailability with reference to that
fraction of a toxicant which is available at the organ or cellular site of toxiciry.

The above definitions can be viewed as dosimetrically descriptive. There are
quantitative methodological definitions that figure as well. As described later, bioavailability
can be defined as being absolute or relative (comparative). Absolute bioavailability, for
example, is the amount of substance entering the blood via a particular biological pathway
relative to the absolute amount that has been ingested. Relative bioavailability of lead is
indexed by comparing the bioavailability of one chemical species or form of lead with that of
another form of lead. A second methodological description for bioavailability that is used by
lexicologists is the ratio of areas under the dose-response curve for either of two forms of
lead, or two methods of administration. Typically, the latter involves comparing injected
with orally administered doses.

4.1.3 Literature Source* on BkwvaOabOity

More detailed reviews and discussions of the topic of lead bioavailability in humans and
experimental animals have been presented by Musfaak (1991) and Chancy et al. (1988).
As is evident from these reviews, our present understanding of tad bioavailabiliry has
developed from both hnman and animal studies. For former in-depth discussion of the
various components of bioavailability, for example, lead absorption, the reader is also
referred to the following documents: (1) the Air Quality Criteria Document for Lead (U.S.
Environmental Protection Agency, 1986), and (2) the Proceedings of the Symposium on the
Bioavailabiliry and Dietary Exposure of Lead (1991).
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Ciftions of key specific studies are provided in the relevant sections and subsections of
this chapter rather than here, so as to be less disruptive to the reader.

4.1.4 Lead Absorption-Bioavailability Relationships

By definition, the absorption (uptake) of lead into the circulation is the critical kinetic
component of the overall process called bioavailability. Not only the amount, but also the
rate of uptake of that given amount is important, particularly under acute or subacute

-exposure conditions, and when dealing with lead-containing media in the gastrointestinal (GI)
tract. Such material is itself moving through the GI tract within a relatively short time
period. Consequently, the biological and physiological characteristics of absorption, the
subcellular mechanisms of absorption, and the factors influencing its occurrence must be
understood in order to understand the resulting phenomenon. The focus of this chapter is
soil and dust lead ingested (swallowed) by populations at risk, -requiring that lead uptake
phenomena in the gastrointestinal tract be given most of the attention.

Species-specific anatomical and physiological determinants of GI absorption are the
macroscopic factors that provide the basic means by which lead absorption occurs. As noted
in more detail in Section 4.1.5, there are major structural differences in the anatomy of the
GI tract of various mammalian species that would affect lead absorption. Similarly, it is the
physiology of the mucosal lining (epithelium) of the mammalian GI tract that is the first
dynamic determinant of lead movement from the GI tract to the bloodstream.

4.1.5 Cellular and Subcellular Mechanisms of Lead Absorption

Lead absorption is believed to proceed by several cellular mnrhanittm involving the
enterocytes, cells lining the intestinal wall (Figure 4-1) (e.g., Mnahak, 1991). Absorption
aim entaiy« cwBPlex iirlfni'1i*litf with ft** ifHultT of fjtfnti** nutrients such as calcium, iron
and phosphate (Barton et aL, 1978, 1981; Mahaffey-Six and Goyer, 1972).

The first uptake "««^MI«" may be diffusion through the gut lumen driven by a
concentration gradient from the himinal surface lining the inteatine to the baaoiatera! surface
(vascular side). This f^cH^f* is likely to depend to some extent on the concentration of
ionic or unbound lead ion (Fb2*), and consequently would depend on the solubility
characteristics of lead species of interest. This may be a passive diffusion process requiring
no energy input. It involves either intncellular or pMffflnlar movement of lead across the
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Lumen

Figure 4-1. Scbematk drawinf of the enterocyte showing possible mechanisms for lead
absorption. Possible mechanisms include: (1) an active or facilitated
component; (2) a transcelhilar component perhaps involving pinocytotic
mechanisms; and (3) a diffusion-driTen paracelhilar route across tight
junctions.

Source: Musiuk. 1991, adapted from Morion « •!. (1985).

wall. Paracellular transport would entail movement across the area between cells called
"tight junctions."

In the second possibility, lead may enter the gut tissue (but not necessarily the
bloodstream) by pinocytosis or other vesicular nvtrham'tnu. In pinocytoeis, lead-bearing
media in a liquid micro region of the gut are engulfed by the (enterocyte) cell membnne.
Such firapsnhrlng may involve lead in either a truly soluble or an emulsified/suspended
form that is then carried to blood or to sites of toxic action. This process is biochemically
analogous to handling of solid particles in phagocytosis.

Perhaps the quantitatively most important transport mfrhanism in environmental
exposures typical for most individuals is energy-driven active transport, exploiting
bomeostatic transport mechanisms in place for calcium and iron tffmp**** (e.g., calcium
binding protein [CaBP] or ^nl^n^"* D), and under control of an enzyme—calcium,
magnesium-dependent ATPase (Ca2*, Mg2*-ATPase)—involved in the absorption and
regulation of blood calcium levels and located in the basolatenl membnne of mucosal
epithelial cells. This active component of lead absorption displays a strong age dependence,



being more important at younger ages. It is interesting that some of the transport systems
that bring calcium into the body seem to have an even higher affinity for lead than for
calcium (e.g., Fullmer et al., 1985).

While the results of experimental studies can be described quantitatively, the precise
nature of biological and biochemical mechanisms in lead bioavailability is not yet completely
understood. There is, however, a useful characterization of lead absorption mechanisms as
either saturable (facilitated) or nonsaturable (passive). These various and complex
biochemical/cellular mechanisms obviously nave important implications for experimental
models of human lead bioavailability, particularly with reference to comparison of in vivo to
in vitro simple chemical simulation models.

4.1.6 Factors Affecting Lead Absorption

Lead uptake, especially from the GI tract, does not occur in a physiological vacuum but
-is the outcome of a complex set of interactions with other inorganic and organic substances,
particularly such nutrients as calcium, iron, phosphate, vitamin D, fats, etc., as they occur in

r meals or with intermittent eating. In addition, uptake is a function of developmental stage
(age), administered dose, the chemical species and the panicle size of the lead-containing
media.

It is well known that lead uptake is markedly lower with consumption of meals than
under fasting conditions in adults (e.g., James et al., 1985; Rabinowitz et al., 1980) and
presumably in children as welL Human data, in the aggregate, indicate that calcium, iron
and other cations interact strongly as competitors to lead uptake so that lead uptake generally
increases as dietary levels of theae nutrients decrease (Musfaak, 1991; U.S. Environmental
Protection Agency, 1986). 10 fits, Garter and Wti (1974) showed that fasting increased the
amount of lead taken up by the gut Children are likely to be exposed to lead under a
variety of red or fated (between meal) conditions. Therefore, any interpretations of lead
bioaA .ability studies of ito •pnciflr characteristics should include the effect on uptake of
food and time since eating.

There is a developmental or age dependency for the extent of lead absorption in both
humans and experimental animals (Mushak, 1991; U.S. Environmental Protection Agency,
1986). Prepubettal children absorb more lead than do adults (Alexander et al., 1973; Ziegler
etal.,1978). Experimental animal studies support the human data. Studies using rats
snowed that pre-weanling animals absorb 40 to 50 times more of a given dose of lead than
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do adult animals (Kostial et al., 1971, 1978; Forbes and Reina, 1972), while infant monkeys
will absorb 16 to 21 times more lead than adult monkeys (Munro et al., 1975). Possible
mechanisms for this age dependence have been discussed (Weis and LaVelle, 1991; Mushak.
1991). The design or interpretation of bioavailability studies, aimed at assessing lead
absorption for children, must consider age dependence of uptake of lead in any adjustments
of the bioavailability parameter in the UBK model.

Human data indicate a dose dependence to the absorption of lead (Sherlock and Quinn.
1986). In duplicate diet studies of bottle-fed infants (5 to 7 kg) exposed to lead in water and
in formula mixed with contaminated water, Sherlock and Quinn were able to quantify the
dose dependence of lead absorption. Over the exposure range investigated in the study (40 to
3,000 Mg/week), these investigators determined that the relationship between blood lead
concentration and lead intake was curvilinear (Figure 4-2). This opportunistic human data
describing the dose-dependence of lead absorption was considered by the Agency when
establishing the kinetic approach to lead absorption used in the IEUBK Model.
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Flffurt 4-2. Poos dopaudaut niationship botwosn dietary load (formula mixed with
water) and blood load in infants.
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Animal studies (e.g., Bushnell and DeLuca, 1983) indicate that GI lead absorption
shows dependence on the level of oral dosing. Bushndl and DeLuca repotted that lead
uptake rates decreased when oral lead exposure concentration exceeded 10 to 100 ppra. This
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dose-dependent inhibition of uptake is consistent with an active transport mechanism that
requires lead-inhibited enzyme(s) for its operation and which also becomes saturated at
higher lead dosings (Aungst and Fung, 1981; Mykkanen and Wasserman, 1981). Design and
interpretation of studies to assess bioavailability of lead should also consider dose dependency
in site-specific assessments.

Finally, the metal species and particle size may influence the solubility, and because of
that, the bioavailability of lead. Experimental studies using relatively simple lead species
showed that lead as the sulfide, chromate, naphthenate or octoate was less bioavailable (44 to
67%) relative to the more soluble carbonate (Barttrop and Meek, 1975). Barltrop and Meek
(1979) also demonstrated u inverse relationship between lead uptake from leaded paint and
particle size.

On the other hand, other investigators have documented theft lead species that are
relatively insoluble under simple in vitro cooditioos are u bioavailable as soluble salts under
conditions of fasting (LaVelk et al., 1991; Rabinowitz et al., 1980).

4.1.7 Bioavailability of Lead in Soils and Dusts

Quantitative approaches to estimating bioavailability for purposes of the DEUBK model
require consideration of three issues. Hie first, of course, is the physicochemical nature of
the site-specific environmental media containing lead and what this suggests for behavior of
lead-containing media in the CH tract (i.e., biopoysico-chemical behavior). As noted earlier.
particle size and chemical species are important. Equally important is the environmental
matrix within which some particular chemical species of lead is to be found. The
physicochemical complexity of these environmental matrices (e.g., dusts and soils, mining
and process waste) considerably exceeds that of simple, laboratory forms. The second aspect
is methodological: how one can quantify bioavailability in experimental or observational
studies? Finally, it is critical that users of f*"t manual ***** model understand the merits and
the limits of the various type* ^classes) of bioavailability studies that can be done on a site-
specific basis.

4.1.7.1 Bto|*ysk043i«mk»4andEnTirornn^
Types ofSoULtad CtaflsMtMrfm

Environmental lead is found in a variety of chemical and physical forms. Lead-
contaminated areas could be categorized according to the type of industry or lead-generating
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processes associated with the site. Since we are concerned principally with lead in dusts and
soils, these are the media of most site-specific concern.

Urban area sites are typically contaminated with those chemical forms arising from
either the combustion of leaded gasoline (alkyl lead species such as tetnethyl lead used as
anti-knock agents) at high levels in past yean or from flakes, chips and dusts from extenor
and interior lead-based paint.

Dust or soil lead originating from auto exhaust typically begins as lead-mixed halides
(chloride, bromide) but undergoes transformation quickly to the oxide or sulfate (U.S.
Environmental Protection Agency, 1986), two relatively bioavailable forms. Auto emission
paniculate is typically of small diameter (one micron or less), especially on residential
surfaces farther away from roadways, where distant atmospheric transport is more favored
than for the heavier particles that are deposited closer to the traffic sources. Such particles
are also readily breathed into the lungs and readily stick to the hands of children, to family
pets, etc. (U.S. Environmental Protection Agency, 1986; Mushak, 1991).

Paint lead is typically found as carbonate, chromate or octoate, and the element may
represent up to 70% of the weight of die dried paint product. While lead-paint surfaces are
intact, leaded paint would only become available as young children chew on accessible
surfaces like painted furniture. In older structures, with surface aging, window and door
frame abrasion, and deterioration of leaded paint surfaces, paint will flake, chip, chalk
(interior) or weather (exterior) and become an important source of lead exposure for
children. The nature of this material, especially as small adherent flecks and fine dusts, and
its significant solubility an actors likely to favor significant Unavailability. The greatest
numbers of lead-painted ******** units ate found in urban areas, but any unit anywhere
built before 1978 may have ktd-bmsed paint.

Battery recycling plants, typically containing secondary lead smelting capacity, are
often found at I««*H»*H sources of environmental lead. W«.» byproducts of this kind of
lead processing include lead sulfate (sutfuric acid) on casings, and battery sutturic acid itself,
mobilizing lead into and through soOs of limited buffering capacity. Lead from this material,
either as feedstock or from secondary smelter stack fnrisaJnm, is apt to be of small particle
size as welL These factors warrant nrimaring bmvaflabilky at the upper end of the range.

In nonfenous mining areas, lead is commonly found in a variety of material produced
by hard rock mining, milling, and smelting processes. It is beyond the scope of this chapter
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to present a detailed discussion of lead contamination with nonfenous mining, milling and
smelting. The reader is referred to the review by Mushak (1991) for further details.

Mining waste can be broadly characterized as: (1) waste rock; (2) mill tailings; and
(3) smelting waste. Waste rock is that material removed from the mine but having
insufficient mineral economic value to warrant processing. This material is typically
discarded at openings to the mine, consists of larger particles, and may or may not be
enriched in heavy metals.

Mill tailing is material that has been processed by a variety of physical grinding,
separating and enrichment processes. This material typically has smaller particle size than
the less processed wastes and the material is enriched in toxic dements, including lead.
Mineral content depends on the characteristics of the ore body and the milling process, and
may range from soluble carbonates (K^ - 10**) to extremely insoluble phosphates
(K,p * 10'80) of lead. Furthermore, lead that is associated with mining waste may either be

. freely exposed at the particle surface or entirely encapsulated, so that the lead is not available
to v r*is«olved in simple solvents like water.

Smelting waste may exist in many forms. Air- and water-quenched slags are strikingly
different in their physical nature. Water-quenched material is typically of fine particle size,
while air quenching results in large chunks of oxidized slag. Chemically, these slags consist
of various metal oxides and include lead and silicon oxides. Bag house dust consists of the
fine paniculate matter trapped in the emissions stream by a simple bag filter prior to leaving
the stack. This material is very hifh in toxic metal content, including lead, and occurs in
very small particle size. HUM small particles include lead sulrate and oxide species. Dross
is the foam or lighter fraction of me liquid product of the floatation process. Wbencool.it
may be discarded, resulting in a potentially important exposure source.

4.1.7 J b Iksn a Better Way Te Classify Letd-Contaminated Sites?
It is often convenient to discuss lead-contaminati . *ites by classifying them as mining.

smelting, urban or battery sfeaa. As our understanding of the complexities of lead-
hnprnma. It ******* UM «nH U>M maftil In 1MB thftM timplifiad

descriptions. For example, mining anas typically are associated with present or historical
milling tnd tnmitiny. Significant smelter-related contamination may remain at closed and
operating mines that can contribute to typical mine waste exposure concerns.
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Mine wastes may consist of lead in a multitude of physical and chemical forms as
discussed above, making generalizations about exposure or potential exposure (and
bioavailability) inappropriate without additional applied research data. Mining and smeltine
areas may share exposure sources often associated with such urban areas. Adequate
characterization of lead-contaminated media, for the purpose of estimating bioavailability,
should include assessment of physical and chemical parameters (e.g., particle size and
appropriate media solubility) as well as biophysico-chemical characteristics. Generalizations
regarding the source of lead contamination which do not address risk-specific details of the
physicocbemical and biochemical nature of the waste are not as useful for predicting health
risks from exposures.

4.1.7.3 Methodological Approach* to Quantifying Bfoavailability
While lead can have severe toxic effects following a single very high exposure, we are

primarily concerned in this chapter with relatively low levels of average exposure and
average blood lead concentration (see Figures 4-3 and 4-4 for single versus multiple
exposures and target organ concentrations).

The average near steady state (pseudoequilibrium) of an accumulating toxicant such as
lead in blood following cfarook (repetitive) exposure is proportional to the amount absorbed
during each exposure. At low infection rates, where absorption and biokinetic processes are
neariy linear, the following relationship appties between changes in blood lead and changes
in chronic exposure:

A Pb-abs./day • mean residence time in blood pool
volume of distribution in blood pool

Methods used to describe the fraction absorbed from exposure are well established and
will be the primary focus of the following discussion.

4.1.7.4 nefeiailiiatloii of Abeohrte BJoavaUaMBty
The methodology for quantifying absolute bioavailability in toxicology commonly

compares (a) the area under the time-versus-blood<oncentntion curve (AUC) following
intravenous (TV) injection with (b) an equivalent dose and a similar AUC measurement
following ingestion of the substance being investigated. The ratio of AUC01"1 to AUC^ is
then taken as a measure of percent absorption in the gut. From this, absolute bioavailability
over a short time frame may be defined as:
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'Figure 4-3. The time-course of bioavailabilhy of lead in the blood (•) and in the brain
(•) of Juvenile rats following a single dose. Note that accumulation of lead
in the target tissue (brain) continues as blood lead decreases. The
significance of brain levels indicated is unknown.

Source: Adapted from Motncilovic tod Kottul (1974).
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Figure 4-4. Kinetics of absorption during repeated doting. At steady state, the area
under the curve described by one dosing Interval b equivalent to the area
under the curve following a single, bohis dose.
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Absolute bioavailability = 1 — x IOCS
(AlW (DOSE)""

While careful anention must be given to presystemic elimination (the amount of
chemical excreted via the GI tract prior to entry into the systemic circulation), this simple
approach can provide, with appropriate sampling and analytical quality control, an effective
estimate of the percent absorption into the blood following oral exposure. The longer term
kinetics (concentration versus time) of chronic lead absorption are likely to be influenced by
the accumulation of lead in peripheral compartments such as bone. Thus, bioavailability
estimates copd"c*ed with longer-term exposures are preferable in developing quantitative
estimates of lead bioavailability. The reader is referred to Gibaldi (1982) for a more detailed
discussion of the kinetics of absorption and distribution of toxicants.

4.1.7.5 Absolute Venus Relative Btoavailabilfty
It is usually the case that bioavailability is quantified in absolute terms: it is presumed

to be equal to the absorbed fraction for a specific substance. For example, if CdC!: were
6% absorbed from some medium and CdS were 3% absorbed at equunolar concentrations,
the absolute bioavailability for these compounds would be 6 and 3%, respectively.

There are occasions, however, where bioavailability may be specified not in absolute
but in relative terms, relative to the bioavailability of some reference compound. Using the
earlier examples, if CdCl2 were the reference compound, then the relative bioavailability of
the sulfide would be 50% (3%/6% x 100). This approach has much practical value,
because one may not have direct bioavailability data for other than one or two forms when
estimating risks.

This approach would therefore have value for comparative exposure risk when adjusting
risk calculations at Supertad sites. Hoe, risks are usually ralmhttnrt from Reference Doses
(RfDs) and uiacer slope (acton mat an nearly all based on **•'•»«•"•'« rather than
absorbed, doses. If sfce-spedflc exposures involve different chemical/physical forms, it may
be necessary to adjust intake dose to uptake dose values in order to account for differing
bioavailability in estimating toxkity levels. In such cases, absolute bioavailability
measurements may be useful for site-specific forms but are not required for relative risk
determinations. While the lead model uses absolute bioavailability as the input parameter,
knowledge of the relative bioavailability of ingested materials may be applied. If the relative
bioavailability of the material of interest is known relative to a second material whose
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absolute bioavailability can be assessed, then the absolute bioavailability of the first can also
be estimated.

In addition to establishing the distinction between absolute and relative bioavailability, it
is necessary to distinguish between biovailability and solubility. Solubility is a metabolically
passive, simplified, in vitro characteristic of a substance that constitutes but one element in
bioavailability. This distinction is explored in the following section.

4.1.7.6 Quantitative Experimental Models of Human Lead BtoaTailabilfty
Site-specific bioavailability studies of lead in soil have been conducted for several

hazardous waste sites in the western United States (LaVelk et al., 1991; Freeman et al.,
1991; Weis et al., 1994). In cases where (1) current exposure is significant, (2) soil
characteristics preclude simple extrapolation from existing studies, and (3) estimated cleanup
costs are sufficiently high, such studies may improve the accuracy* and the reliability of the
.risk assessment process. Site-specific bioavailability studies can be expensive, can require

•time for completion, and do require considerable *~k**f*i expertise for the design and
conduct of the studies. This means that the remedial project manager (RPM) or risk
assessment manager needs to obtain advice from individuals with training and experience in

•this area. If experimental studies are needed, the toxicology expert may recommend studies
at one of the following levels, in order of increasing cost and complexity.

Class I Study
Studies in this class consist of simplified, in vitro approaches in which one determines

aqueous solubility of lead from various solid species. This approach has tittle utility for
quantitative human bioavailability assessments. First, solubility itself is but one factor, and a
rather crude one, in net uptake of lead from the gut of humans or experimental animals.
There are many physiological sad biochemical processes occurring in die stomach and the
intestines that are not addressed in erode or 'bench top' solubility studies. A number of the
biochemical factors not reflected in these in vitro, simple solubility approaches were noted by
Mushak (1991) and inctode metal compkxinf with biochemicals, sustained acid output by the
stomach with eating (any macsrial), and uptake processes that are more complex don simple
stabilization (e.g., pinocytosis of lead compiexed in Ugh molecular weight coUokki
particles [micelles]).

A particularly flawed aspect of such in vitro studies is their inability to simulate the
Idnetically dynamic process that ocean hi die "**fH««i regions (i.e., active transport from
intestinal regions via canur systems [see Section 4.1.51). Such uptake, thermodynamically
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speaking, induces a shift in intraintesunal equilibria among lead forms in the direction of
greater dissolution (to compensate for the lead removed by active transport). Such active
uptake produces a complex process that yields more bioavailability than predicted in simple
In vitro approaches. This shift in equilibrium is compelled by a simple, widely-known
principle of chemical processes, Le Chatelier's Principle, that states (CRC, 1978):

If some stress is brought to bear upon a system in equilibrium, a change occurs,
such that the equilibrium is displaced in a direction that tends to undo the effect of
the stress.

In the present case, the stress is active intestinal uptake and the displacement to undo the
effect is to dissolve more lead during its passage through the gut. Such a shift, relative to a
simple bench-top system, is depicted in Figures 4-5 and 4-6.

Class H Study
Class n and Class HI studies involve in vivo animal models of human bioavailability of

lead. They differ in their experimental specifics. Class n investigations are intermediate
in vivo studies (i.e., carried out over a relatively short time). Such studies examine the
bioavailability of lead within a time frame in which the dosing ends before pseudoequilibrium
in the central (blood) compartment is reached. Since lead accumulates in critically important
peripheral compartments such as bone and this accumulation will influence longer term
uptake and distribution values, longer term studies are desirable for assessing target tissue
bioavailability of lead in mammals.

Class n studies are useful in terms of providing a relative index of lead bioavailability
that is, comparison of several toad forms. Clan II studies should, of course, consider all the
factors already noted that influence any in vivo toad study, including the target population
and pathway specifics for the site, age, concentration dependence of toad uptake in the dosing
regimen, nutrition, physiology and anatomic structural characteristics.

In terms of model biology, physiology, and behavior, an appropriate selection for
human simulation would take account of eating/feeding habits, human versus animal
gastrointestinal tract differences, comparative biochemistry, etc.

Clou m Study
Bioavailability investigations that have as their purpose the ste-speciflc adjustment of

the default bioavailability parameters in the IEUBK model may require a more complex
approach. Such advanced studies should only be conducted after consultation with qualified.
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Figure 4-5. Under conditions of equilibrium, the amount of lead as the free ion (Pb2*)

is limited by mass balance dissolution of the solid phase (PbX).

B.
Blood

PbX

Figure 4-6.

PbX/

Intestinal muoosa
Under physiological conditions, fret lead ion (Pb1* ) Is removed from
solution by active and passive absorption mechanisms potentially shifting
the equilibrium of the dissolution process far to the left.
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experienced individuals and should be subject to the most rigid quality assurance. qualit\
control (QA/QC) protocols for study management. This especially applies to preserving the
original physicochemical form of the lead-containing test materials from a particular site.
The design and duration of Class HI studies should be such that they assure achievement of
near steady state (pseudoequilibrium) for the blood concentration versus time curves.
As with Class n studies, Class in investigations need to take account of the site-specific
target population and exposure pathways, age of subjects, nutritional and physiological state
of the animal, etc.

4.1.7.7 Summary and Advisory Overview for Lead in Soils and Dust
Bioavailability studies are intended to provide valid information about the associations

of site-specific physical and chemical properties of exposure media with bioavailabiliry at a
target tissue site. Properly designed studies can elucidate differences traceable to such
factors as the physicochemical properties of the site's lead-containing media, lead chemical
form, matrix species, particle size, mixture effects from other metals or other chemical
species from matrix, diet, and such, and study animal or human population variables such as
age and levels of exposure. These studies need to meet two fundamental qualifications:

(1) Doses used need to be low enough to be comparable to human exposure
situations that are to be assessed. Basing calculations on high doses of
lead may greatly weaken the utility of an experimental study.

(2) Animal models need to be carefully examined for their appropriateness to
represent human gut processing and absorption of tad. The
demonstration that absolute bioavailabiliry is low in an animal model is of
limited significance unless that model can be supported as being
quantitatively relevant to humans.

Bioavailability factors can be validly adjusted to account for site-specific lead exposure
i the QKJBK model. However, selection of a die-specific bioavailability

parameter other than the model default value of 30% for soils and dusts requires considerable
caution and warrants review by qualified technical experts.

4.1.8 Bioavailability of Lead in the Diet

The absorption of lead from food and liquid diet by infants up to six months old is
known to be very high (Ryu et al., 1983; Marcus, 1989a), and much lower in adults
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(Chamberlain et al., 1978; Blake and Mann, 1983; Rabinowitz et al., 1980; James et al..
1985). Less is known about changes in lead absorption from diet for older infants, toddlers
and children. A value of 50% was selected as an intermediate level in children and infants
(U.S. Environmental Protection Agency, 1990b).

The exact form of the dietary lead absorption coefficient in humans is not known.
There is evidence that the absorption of lead in food by infants is quite high, at least 40 to
50%. The range cited by the U.S. Environmental Protection Agency (1989a) is 42 to 53%
While this probably decreases after infancy, we have no direct evidence on how to
interpolate this range for children of ages 2 to 6. A smoothing of tbe absorption data from
infant to juvenile baboon in the studies by Harley and Kneip (1985) has been proposed as a
basis for extrapolation by the U.S. Environmental Protection Agency (1989a). In view of the
uncertainty about this, we have chosen to keep the same default value of 50% for ages
1 to 6. This value will, at worst, slightly overestimate dietary lead uptake in older children.

Lead absorption from diet depends on the lead concentration in the stomach, and on a
host of other dietary cofactors such as zinc, iron, vitamins, and phytate. When dietary lead
intake during meals is sufficiently high, absorption of lead through tbe gut lumen decreases,
probably due to competition for the limited anionic lead-binding sites on the gut wall.

The absorption of lead has some similarities with the absorption of other metals
(Mushak, 1991), especially alkaline earths such as calcium and strontium. Calcium
researchers have hypothesized one possible mechanisms of gut absorption. The first is a
type of saturable active transport. This may be a secondary process because the enzyme
requiring energy input is oa tbe basolatenl membrane and not on the membrane of the gut
lumen. It would be more tpmify to describe this as a facilitated diffusion process.
A second saturable ftrflfrmiHf process involving pinocytk mcdianitms has also been
hypothesized by nV^np raaenchen, bat is not well understood. These saninble diffusion
processes are the *»«"«•»* imxlrs of transport at low concentrations. Processes requiring
carriers are often called JbdUtaud diffusion processes. For convenience, we may call either
of these safuable processes jbrifftofftf diffusion processes. The third process, tbe dominant
mode of transport at high concentrations, is probably a simple diffusion through tight
junctions on the himenal side and is not saturable. Binding and transport of calcium across
the gut lumen involves a protein catted cattrindin. We have described this as a passive
diffusion process. The hut two processes have no specific inhibitors and are difficult to
study. The extent to which lead absorption shares these calcium processes, or is
quantitatively different, is not known. The study by Aungst and Fung (1981) on transport of
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dissolved lead across the gut lumen in vitro in evened rat intestines shows that lead
absorption is likely to consist of two distinct processes. The first process depends oo a
passive diffusion mechanism that is independent of gut concentration. The second process
depends on a facilitated diffusion mechanism that is saturable, with a half-saturation
concentration of about 120 pg/L (0.59 jimol). The quantitative extrapolation of this value to
human children in vivo is uncertain.

The Glasgow duplicate diet study reported results on infant blood lead and dietary lead
intake at a single time point, age 3 months. There appeared to be a very large non-dietary
background source contributing about 12 pg/dL blood lead to these infants. This is attributed
in part to the inhalation of leaded gasoline, which was still widely used in the United
Kingdom, and in part to residual exposure pre-natally. The dietary lead intake in these
infants is believed to constitute almost all of the ingested lead, since children at this young
age are believed to have minimal contact with soil, bouse dust, or paint. Some small
conthbution of inhaled lead particles may be transferred to the ingestion route by mucociliary
transport.

A non-linear regression model was fitted to the Sheriock and Quinn data in a form that
is directly comparable to the Michaelis-Menten formula used to describe in vitro studies
(Aungst and Fung 1981ab). The model that was fitted to all data was:

log(Blood lead) - k>g(B + L * Pblntake + K " Pblntake / (1 + Pblntake / M».

The parameters have the following interpre

B * background ted concentration from pre-natal and inhalation exposure;
L » linear (passive) uptake coefficient between blood lead and dietary lead intake;
K - non-linear (facilitated) uptake coefficient between blood kid and dietary lead

M - allcnaelis-Menten type (iion-liiieariry) parameter, the daffy dietary lead intake
at which the facilitated component of toad uptake is half saturated.

Three methods were used to estimate the parameters. The fir* two methods are based on
weights for the grouped data shown in Figure 4-2 of Sheriock and Quinn (1986), sbown in
this document as Figure 4-1. The first set of weights was based on the estimated sample size
within each bar on the graph. The second method was based on the normalized coefficients
of variation from the standard error ban for each group. The third method was based on
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using within-ceU geometric mean blood lead and dietary lead intake values from Table 4-2 m
their paper, with cell counts used as weights. The first method appears to be the most
accurate, both absolutely and relatively. The fitted blood lead model is:

Blood lead = 10.85 + 0.0090 Pblntake + 0.2981 Pblmake / (1 + Pblntake / 90.33)

The total blood lead to lead intake regression coefficient at low intake levels (much less than
the Michaelis-Menten coefficient M - 90 Mg/day) is K + L - 0.0090 + 0.2981 =
0.307 ftg/dl per Mg/day. The goodness of fit of this non-linear lead uptake model of
Michaelis-Menten form to 3-month old human children, combined with the similar piece wise
linear model that could be fitted to the water lead studies, and the goodness of fit of the
Michaelis-Menten model found for the data on blood lead and lead intake data in infant and
juvenile baboons presented by Mallon (1983) support the use of this model for lead
absorption in older children as well. The suggestion by Chamberlain (1984) that absorption

-in adults is greatly reduced at intake rates above 300 pg/d is also consistent with the infant
'estimate of 90 jig Pb/day.

4.1.9 Bioavailability of Lead in Water

The bioavailability of dissolved lead salts in drinking water is very high when
consumed by adults between meals (James et al., 1985), and very tow when consumed with
meals. The maximum retention of lead in children probably exceeds that of adults, which is
about 60% on an empty stomach, and absorption is likely to be only somewhat smaller than
retention. Thus the value of 50% 'a TT*'mm*t*<**rf as plausible. A range of values for water
lead absorption from the U.S. EPA/OAQPS Staff Paper (1989a), shown in Table 4-1, should
be used as a basis for afe-variable absorption coefficients.

The volume of water in ft typical United States faucet is about 90 to 125 milliliters, and
at least two or three faucet votames must be drawn before the tap water lead concentration

S vO t&6 JflVlA OK t&A flOOVDB ^fuOSt ADO ^f^JOBf vllCDDQdOD 000 IMlfl

(Schock and Neff, 1988; Oerdels and Sort, 1989; Marcus, 1991a). The sample volume of
first-draw water specified in U.S. BPA's drinking water regulation is 1 L (U.S.
Environmental Protection Agency, 1991c). Water lead concentrations in most U.S. water
supply systems are low (<5 pf/L), but geometric means may exceed 10 to 20 pg/L in
first-draw samples from systems with highly corrosive water and a great deal of lead
plumbing, which is not ™*»~-** in older urban areas in the northeastern United States.
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TABLE 4-1. PIECEWISE LINEAR REGRESSION MODELS FOR
BLOOD LEAD VERSUS WATER LEAD IN THREE STUDIES

Parameter

Intercept
Mg/dL

CONC. for

Glasgow
Infants

N - 91
12.82

16.4

Edinburgh
School Children

N -495
6.841

15.0

Hawaii

Children and Adults
N » 180

.1.2

15.0
SLOPE CHANGE

SLOPE (< CHANGE)
Hg/dL per pg/L

SLOPE (> CHANGE)
pg/dL per pg/L

0.254

0.0426

0.161

0.0318

0.130

0.0242

Intercept depends on other eovariatee.
Not given.

Source: Marcus (198%) and Maee et al. (1991).

Even if the community mean is low, lead in drinkinf water ia some households may be
sufficiently high to cause overt lead poisoning (Cosgrove et al., 1989).

4.1.10 BtoavaiUbilttyof Uadin Air

Lead on aerosol particles must be inhaled and deposited before pufanooary absorption
can occur. Particles inhaled but not deposited may be exhaled or trapped by the mucociliary
lift mechanim and infeafed. The number of inhaled particles of a given size range varies
with the ambient concmtntion and size distribution and the breathing me. The breathing
rate varies vfcfc age and physical activity. Inorganic lead m ambient Jr consists primarily of
paniculate aawoaois with a size dialrihuUoo determined hugely by the natnre or* the source
and proximity to it In rand and urban environments, TMs size diatribution ia usd!!y from
0.05 to 1 micron. Near point sources, particles greater than 10 microns prevail.

Deposition in the respiratory tract can be by inertia! in the naaopharvogeal
regions, where the airstream velocity ia high, or by sedimentation and interception in the
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tracheobronchial and alveolar regions, where the airstream velocities are lower. In the
alveolar region, diffusion and electrostatic precipitation also become important.

Panicles greater than 2.5 microns are deposited in the ciliated regions of the
nasopbaryngeal and tracheobronchial airways, where they are passed to the gastrointestinal
tract by the mucociliary lift mechanism. Panicles small enough to penetrate the alveolar
region can be dissolved and absorbed into systemic circulation or ingested by macrophagic
cells. Evidence that lead does not accumulated in the lungs suggests that lead entering the
alveolar region is completely absorbed (Barry, 1975; Gross et al., 1975). Rabinowitz et al.
(1977) found about 90% of the deposited lead was absorbed daily. In the EEUBK model the
default assumption is that 35% of the inhaled lead is bioaccessible (reaches the absorbing
surface), and 100% of this is absorbed.

4.2 USING THE INTEGRATED EXPOSURE UPTAKE BIOKINETIC
MODEL FOR RISK ESTIMATION

4.2.1 Why Is Variability Important?

4.2.1.1 Intent of tht Mods! cad the Measure
The Geometric Standard Deviation (GSD) as used in this manual is a measure of the

relative variability in blood toad of a child of a specified age, or children from a hypothetical
population, whose lead exposures in a specified dwelling are known. The GSD is intended to
reflect the Jive types oftntMdual blood lead variability identified below, not variability in
blood lead concentrations when different individuals are exposed to substantially different
media concentrations of lead.

The EEUBK Lead Model is intended to be used for individual children who live at a
residence, or for a hypothetical population of children who may live there in the future, or
for hypothetical children who may some day uve in a house built on a plot of now vacant
land of appropriate size for ntture construction of a single residential dwelling unit.

4.2.1.2 Individual Geometric Standard Deviation
Why do different children have different blood lead levels? The answer to this question

has two pans. The first pan of the answer is that children are exposed to different levels of
lead in their community environment. The second part of the answer is that individual
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children, exposed to exactly the same measured levels of lead, will still have different blood
lead levels for the following reasons:

— Different Environmental Context. Carpeting, other furnishings, and accessibility of
yard soil affect contact with environmental lead in ways that are not easily
measured.

— Behavioral Differences. Interaction with caretakers, with siblings and playmates,
and other factors that affect mouthing behavior and play activity will modify lead
intake from dust and soil.

— Different Exposures. The children will have different exposures due to differences
in contact with soil, dust, water, and other environmental media that vary at
different locations and different times, so that no single sample of environmental
lead in any medium can be said to completely characterize the child's
activity-weighted exposure to lead in that

— Measurement Variability. The environmental lead measurements are not perfectly
reproducible due to sampling location variability, repeat sampling variability, and
analytical method error, so that equality of measured sample lead concentrations
does not imply equality of the true exposure concentrations.

— Biological Diversity. Children are biologically diverse so that even children of the
same age, weight, and height are expected to have differences in the biokinetic
distribution and elimination of lead.

— Food Consumption Differences. A number of factors, including nutritional status
and time of ini/mion of lead relative to meal times, affect the uptake or absorption
of bad ingested from a medium.

While Kriodfmojfipiik factors underly many of these differences, it is not appropriate
to assume any specific effect for future residents. Risk estimates should be applicable to any
hypothetical resident, and this requirement adds to die variability associated with the
estimate.
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4.2.2 Variability Between Individuals Is Characterized by the Geometric
Standard Deviation

Inter-individual variability is the starting point for risk analysis using the IEUBK
model. Even if we knew the correct value for all of the environmental exposure variables,
we could at best predict only the typical blood lead level expected for a child of a certain age
who had that exposure. We will therefore assume that individual child blood lead levels can
be divided into two parts, a predicted blood lead and a random deviation from the predicted
blood lead level. A statistical model that has proven to be very useful and fits all of the
blood lead studies we have analyzed is based on the following three assumptions:

(Assumption 1) Observed blood lead » (Predicted blood lead) • (Random deviation);

(Assumption 2) The random deviation is log-normally distributed with geometric mean or
median » 1, and a geometric standard deviation (GSD) defined by
GSD - exp (standard deviation of In (blood lead). Here, exp(.) denotes
the exponential function and ln(.) denotes the natural logarithm;

'(Assumption 3) The GSD is the same for all values of the predicted blood lead (i.e., for
all values of environmental exposure).

Risk is the probability of exceeding the blood lead level of concern. The IEUBK model
calculates risk from these three assumptions. The user provides an exposure scenario from
which the IEUBK model filCTlam a predicted blood lead. Then the user provides a blood
lead level of concern, whose default value is now defined as 10 Mg/dL based on health
effects criteria, but can be modified by the user. This risk is calculated as the probability
that a standardized, normally distributed random variable exceeds the level Z, where

Z - In (blood ted level of concern/predicted blood lead) / In (GSD).

If Z - 1.645, the risk is 5%. If Z - 1.96, the risk is 2.5%. If the GSD is increased, then
Z is decreased, and the risk of a blood lead level rrnrriing the level of concern is Erased
(provided that the blood lead level of concern is larger than the predicted blood lead, which
is usually true). This is J%IH*««H in Figure 4-7. The default value of Z is

Z - In (10/pndicted blood lead) / In (1.6)
- (2.3026 - In (predicted blood lead)) / 0.47.
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Figure 4-7. The impact of the relative petitions of the level of concern (LOG) and the
geometric mean (GM) on the proportion of children "at risk" for two
populations with different GSD*. If LOG > GM, man the area for
children at risk (shaded phis solid) for GSD * 1.7 is greater than the area
(solid) for GSD - 1.4. If LOC < GSD, then the area for children not at
risk (shaded phis solid in lower tail) for GSD » 1.7 b larger than the area
for children not at risk (solid hi lower tail) for GSD » 1.4.

The GSD has been estimated in a number of ways. The model has the same
form as the model used as the basis for estimation of slope factors reported in the Air
Quality Criteria Document for Lead (U.S. Environmental Protection Agency, 1986). The
GSD values were •frim*^ by exp(s), where s denotes the residual standard deviation of the
fitted In (geometric mean blood lead) as a function of the environmental lead concentrations
and of demographic cofacton. The residual standard deviation estimate for In (blood lead) in
a system of structural equations for lead was also used to **»•••*» in some more recent
studies.

of GSD for lead mining and smelter sites have increased towards larger GSD
values as the geometric mean blood lead levels at those sites have decreased. This probably
reflects the fact that at low to moderate levels of exposure, lead levels are likely to be
influenced by several media with similar media-specific uptake rates, rather than by a single
dominant medium This condition tends to magnify individual differences in intake behavior
or in biokinetics, and increases the GSD. The GSD ••*««•*•« for several mining and smelter
sites ranged from 1.30 to 1.79 (Marcus, 1992). We chose a value smaller than the
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maximum that is consistent with the remaining variability after differences in the usual site
specific soil lead and dust lead measurements have been removed. The remaining sources or
variability include not only biological and behavioral variability in the children, but also
repeat sampling variability, sample location variability, and analytical error. For empirical
support in selecting a site specific GSD see Appendix A.

The default value is:

GSD - 1.6.

This default value is based on calculations of GSDs from specific sites. The median GSDs
weighted for sample size within cells were rerimated as 1.69 for Midvale, 1.53 for the
Baltimore data of the Urban Soil Lead Abatement Demonstration Project, and 1.60 for the
Butte study. This type of adjusted GSD calculation was chosea-tocause of its treatment of
outliers. Other types of adjusted GSDs, such as those derived from structural analyses are
described below.

We must discourage the user from changing the GSD value by use of empirical site-
specific data from a blood lead study. As discussed in Section 4.5 below, blood lead studies
may be subject to subtle sampling biases and changes in child behavior in response to the
study. The GSD value reflect! child behavior and btoldnetic variability. Unless there are
great differences in child behavior and lead biokinetics among different sites, the GSD values
should be similar at all sites, and site-specific GSD values should not be needed.

The user may wish to demonstrate that die variability in a specific well-conducted
blood-lead study is consistent with the default assumption. In the next section, we will
describe how to estimate a site-specific, inter-individual GSD when necessary. These
analyses should be done only when necessary, and with diorough documentation of the
reasons why the site may have more or less variation among child behavioral and biological
parameters than at most other sites. We must remind the user that It is not necessary to hav,
site-specific Mood lead data tit order to appropriately use the model with the default GSD.

4.2.3 Statistical Methods for Estimating the Geometric Standard
Deviation from Blood Lead Studies

We have used seven! statistical methods to estimate GSD values recommended here.
Two methods are described in detail in Appendix A. The first method is a direct method in
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which environmental lead levels are fixed in ranges or intervals, and blood lead variability
for children exposed to these concentrations is calculated directly. The second method is a
statistical regression method appropriate to the generally skewed distribution of blood lead
values and estimates the variability in blood lead concentrations after an empirical estimate of
blood lead concentrations expected at each environmental lead concentration. The two
methods give reasonably consistent results. The regression method uses child-specific age
and lead concentration. The regression method crudely mimics the IEUBK model.

4.2.4 Choosing the Geometric Standard Deviation: Intra-Neighborhood
Variability

There have been some cases in which the IEUBK Lead Model or a proceeding model
was used to *^mfte the distribution of blood lead in a g^iii'nfty when only community-
level input was available, such as geometric mean soil, dust, and air lead. Further
experience with the IEUBK model suggests that this application may be appropriate under
some conditions in which certain mathematical assumptions are approximately correct.
It also suggests that there are some other situations in which this approach is incorrect
because the necessary mathematical assumptions are not ^ritfirf At this time, we
recommend using the IEUBK Lead Model for neighborhood and individual blood lead
assessment, but not for communities or for larger scale blood lead assessments without
carefully evaluating the input assumptions. The "figfrhorhood ytlf assessment requires
stratifying the neighborhood by intervals of soil and dust lead.

A neighborhood is a spatially contiguous area that often has identifiable physical or
geographical boundaries. For the purposes of mis manual, a neighborhood is characterized
according to the following guidelines:

• Boundaries such as a highway, railroad right-of-way, river, or by non-residential
land uses such as commercial, industrial, agricultural, or park;

• Approximately 400 households with about 100 chfldna;

• Church, school, and retail establishments within walking distances;

• Diameter about 1.5 kilometers (1 mile).
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The neighborhood concept is used here to classify small areas of relatively similar
childhood lead exposure, and will rarely be the same as a census tract, political locale such
as a precinct or ward, or community association membership area.

Input parameters for the model at a neighborhood scale should be some measure chat
characterizes typical exposure concentration in a medium, such as the arithmetic mean or
geometric mean, or the median. When activity pattern or behavior weighted exposure
information is unavailable, we recommend use of the arithmetic mean to characterize soil
lead concentrations in areas that are sufficiently small that any part of the area may be
accessible to a typical child living at a random residence located within the area. This will
certainly be applicable to the yard and adjacent play areas of a single residence.

Our recommended approach for risk estimation involves more calculations than the
single-input soil and dust kid, but much less calculation than the use of each individual yard
or housing unit. Our approach requires the division of the neighborhood into units that are

, larger than single yards or other sites, but smaller than the whole neighborhood, and clearly
must depend on the scale of a risk assessment. Risk within a neighborhood can be assessed
in a single model ran only if media concentrations of lead are relatively homogeneous
between different residential sites.

There is no definition of a "community" for model use. It is expected that older
children will be able to play anywhere within a neighborhood, but are limited to their own
neighborhood within the cooununity. An alternative approach is to define "neighborhoods"
by isopleths or contours of soil toad concentrations, but this is more likely to be useful in the
vicinity of active or inactive smeller or battery recycling plants, where soil lead deposition
has a definite point source pattern. No specific approach based on Geographic Information
Systems (OS) data baset has yet been adopted. The definition of neighborhood scale
suggested here is roughly equivalent to an area of 4 to 10 city blocks in many urban areas
(160 to 240 meters square). A neighborhood should not be larger dun a one kilometer
square.

4,2.5 Basis for Neighborhood Scale Risk Estimation

The basis of the neighborhood approach is that a few important environmental
parameters largely determine the predicted geometric mean blood lead. Since the
environmental lead concentrations are known to have some measurement error, there should
be little loss of accuracy in grouping the environmental lead concentrations by small
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intervals. For example, the interval ranges for soil lead concentration could be
0 to 249 Mg/g. 250 to 499 /tg/g, 500 to 749 >*g/g, etc. Soil lead levels in an interval, for
example from 250 to 499 pg/g, would be described by a single number in that range, such as
the midpoint of the interval at 375

One of the most important determinants of blood lead concentration in children is lead
in household dust. It is necessary to use small intervals of dust lead concentration along with
small intervals of soil lead concentration. There are many other sources of lead in household
dust in addition to soil lead, including dust lead from air lead deposition, from interior lead-
based paint, and from workplace dust carried home by adults residing in the bouse. The
actual range of dust lead concentrations corresponding to a soil lead interval is therefore
generally much wider than the range of soil lead concentrations.

There may be circumstances in which other lead exposures in a neighborhood are
known, and vary over a wide range. For example, there may be information on water lead

aerations in different houses. Some of the houses may have sufficiently high water lead
concentrations that lead in water becomes another lifnJfieM* source of lead exposure.
Additional stratification or classification of sites by this variable may also be useful.

Neighborhoods defined by small geographic areas are also much more likely to be
homogeneous with respect to sociodemographk factors that affect blood lead variability.
There should be some similarity in child activity patterns, household environmental contexts,
behavioral patterns, and nutritional patterns within a neighborhood. Therefore, the individual
GSD may be applied plausibly to the relatively homogeneous subpopulation within a
neighborhood. If the neighborhood defined initially is very heterogeneous, then a larger
GSD may be needed. It would be better to subdivide the neighborhood defined initially into
more homogeneous subereas. This requires knowledge about the neighborhood residents, or
an assumption about future residents.

4.2.6 Relationship Between Geometric Standard Deviation and Risk
Estimation

The GSD is a very sensitive parameter for risk estimation. In this model, we use
"risk* in the following specific ways:
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• Individual risk is the probability that a hypothetical child living in a particular
house or dwelling unit characterized by its environmental lead levels will have a
blood lead concentration that exceeds a user-specified level of concern;

• Neighborhood or community risk is the fraction of children in a neighborhood or
community characterized by a specified distribution of environmental lead
concentrations that are expected to have blood lead concentrations exceeding a
user-specified level of concern.

The assessment of potential health risk from environmental exposure to toxicants is one
of EPA's most significant activities. We are using only part of this process. An elevated
blood lead concentration (however one defines "elevated") is an index of internal exposure or
body burden of lead. It is a useful index precisely because it changes in response to changes
in exposure, with characteristic time scales of a few days or so in plasma and red blood
cells, reflecting deeper changes of a few months in soft tissues, and years in hard bone.
An elevated blood lead concentration is not precisely aa advene health effect by itself, but
hao l/e«,n a very useful predictor of an increased likelihood of neurobehavioral deficits in
children. The "risk" involved here is the risk of an increase in an easily measured index of
lead exposure that is a predictor of advene health effects.

The most general form of the model is multiplicative:

Blood lead » controllable facton * random factors.

For a single child, win defined sources of exposure, the EBUBK model *»n«n«t*« the
geometric mean blood lead, or typical blood lead (i.e., the median when variability is log-
normal, as it usually is). The model then is given by:

Blood l«d - GM • exp( Z • In(GSD))

where GM is the model-predicted geometric mean blood lead, exp(.) is the exponential
function, ln(.) is the natural logarithm function, and Z is a normally distributed random
variable. Therefore risk, defined as a probability for a single child, is calculated by the
equation

Risk * Prooability{Blood lead > level of concern for given exposure}
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= Probability{Z > (ln(level of concern) - ln(GM)) / In(GSD)}.

When the level of concern is greater than the expected or typical blood lead at that exposure,
then risk increases when GSD increases. Figure 4-7 illustrates the difference in "at risk"
children for two populations, one with a GSD of 1.4 and another with 1.7. When the level
of concern is above the geometric mean, the population with the higher GSD has a greater
proportion of the children at risk. When the level of concern is less than geometric mean,
the population with the lower GSD has a greater proportion of children at risk.

4.2.7 Risk Estimation at a Neighborhood or Community Scale

4.2.7.1 What Do We Mean by •Neighborhood" or •Community" Risk?
Representative questions of interest in assessing the risk of elevated child blood lead in

a neighborhood are:

• What is the frequency distribution of risk of fxrmting a blood lead concentration of
concern, such as 10 pg/dL, within the neighborhood?

• What fraction of a hypothetical or actual population of children would be expected to
exceed some specified blood lead concentration of concern if they resided in the
representative sample of houses in this neighborhood for which we have soil and
dust lead data?

• How much could we reduce high individual risk or the fraction of children with
elevated blood lead concentrations by cleaning up soil to some specified level?

• What is the distribution of risks for a hypothetical population of children if housing
units were constructed on soil at this vacant site?

The implicit definition of risk in these questions is the fraction of children living in a
dwelling unit anywhere in the neighbofhood who have elevated blood lead levels. We see
that the neighborhood or community risk level has two distinct components of variability:

(1) Inter-individual differences, as in Section 4.2.4; and
(2) Inter-dwelling unit differences in lead exposure.
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In some circumstances, these two can be combined and the same approach used to
estimate the fraction of children at risk in a neighborhood. But, if there is a broad
distribution of inter-dwelling unit differences, as is commonly observed, then a simplistic
application of the DEUBK model may substantially under-estunate the real risk from the most
contaminated parts of the neighborhood. Whatever the distribution of inter-dwelling unit or
intra-neighborhood exposure levels, the "sum of risks" approach can always be applied.
Note that there is a subtle difference between inter-dwelling exposure and intra-neighborhood
exposure. Inter-dwelling exposure distribution would be the distribution of exposures
measured in each home and would assume that the individual exposure is within the prooeru
boundaries of the dwelling unit. Intra-neighborhood exposure would include additional
exposure from nonpropetty sources, such as parks, schools and playgrounds.

4.2.7.2 Neighborhood Risk Estimation as the Sum of Individual Risks
Neighborhood risk is based on the expected number of children in the neighborhood

who have elevated blood lead levels, here taken as greater than 10 ng/dL. Using the
computer model, some of these questions can be addressed by the following procedure:

1. Set up a batch mode file in which each line represents the age and environmental
lead exposure of etch child in the real or hypothetical population.

2. Use the EEUBK Lead Model to estimate the geometric mean blood lead for each
child in the batch mode file.

3. Apply an individual OSD to estimate the probability of exceeding the blood lead
level of concern fat each child or each household in the batch mode file.

4. Calculate the expected number of blood lead values nrc<rnting the level of concern
by adding up the probability of exceeding the blood lead level of concern across all
children in the batch mode file.

Note that even booses with low lead concentrations have a small positive risk for
resident children. !• houses with high lead concentrations, the risk of elevated blood
lead is much larger, but some children (even in those high lead houses) will not have
elevated blood lead concentrations. Tne total of all such risks characterizes
neighborhood exposure.
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5. Neighborhood risk is the ratio of the calculated expected number of blood lead
values exceeding the level of concern to the total number of children in the batch
mode file. This last point is illustrated in the following narrative.

4.2.7.3 An Example for the "Sum of Individual Risks' Approach
Suppose that there are data on four households with children in a neighborhood.

Residents of each household are exposed to lead-contaminated soil. The first bouse ha;
250 Mg/g lod in soil, the second has 250 Mg/g, the third has 1000 Mg/g, and the fourth house
has 1000 Mg/g- We have assumed dust lead concentrations as 70 percent of the soil lead
concentration in houses 2 and 4, and as 15 percent of the soil lead concentration in houses
1 and 3. We hive added 10 Mg/g to dust lead as an estimate of the air lead contribution to
dust lead at 0. 1 fig Pb per cubic meter of air. The respective dust lead concentrations are
thus 47.5 Mg/g. 185 Mg/g. 160 pg/g , and 710

The neighborhood is usually not just 4 houses. We may have samples at only these
4 houses, or there may be 100 houses at each of these 4 soil and dust lead concentrations.
The assumption is that the samples are representative of the exposure distribution in the
neighborhood. We are showing calculations for four bouses only for the purposes of
illustration. The risk estimates are intended to be unbiased estimates of potential risk for
other yean in which different children, not in the current sample, may occupy the same or
other houses in the neighborhood. Obviously, a reliable "fHf*** of neighborhood risk will
require many more than 4 houses.

All other parameters are set to default values. We used a soil and dust absorption
model with 30% absorption of lead from both dust and soil. (Smaller values of soil lead
absorption may be needed for some sites— see Section 4.1). We assumed GSD «1.6; larger
values of GSD may be needed at some sites. The probability density of blood lead for four
houses is shown in Figure 4-8.

For the house with soil lead at 250 Mg/g and dust lead at 47.5 Mf/g, we <pect0.55%
of children to exceed 10 Mg/dL, For the boose with 250 Mg/g soil lead and 185 Mg/g dust
lead, we expect 1.99% to exceed 10 Mg/dL. For the house with soil lead at 1,000 Mg/g and
dust lead at 160 Mg/g. we expect 21.06% of children to exceed 10 Mg/dL. For the bouse
with 1000 Mg/g soil lead and 710 Mg/g dust lead, we expect 42.68% to exceed 10 Mg/dL.
The sum of the risks for these four bouses is 0.55% + 1.99% + 21.06% +42.68% -
66.28% children » 0.6628 children expected to exceed 10 Mg/dL. or an average risk for the
neighborhood of 66.28% / 4 » 16.57%, which is greater than the 5% neighborhood risk
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Figure 4-9. Probability density of blood lead in houses 1 to 4.

target used in this example. However, the major part of the risk falls in the one house with
high soil and dust lead concentrations.

The use of aggregate neighborhood input data requires that we compare the probability
density function (PDF) and elevated blood lead (EEL) risk calculated from aggregate
parameters with the correct PDF and EBL risk functions, which are the mathematical
composites of the individual PDF ***** risk functions. BxprptMd m«th*>m«rira iiy

true neighborhood PDF - (PDF(jite 1) + PDF(site 2) +...)/N
true neighborhood risk » (risk<site 1) + risk(site 2) +...)/N (Equation 4-1)

Tbe approach we have outlined he* Joes not require any mathematical assumptions about
the distribution of soil ***** ihm |f<K* concentrations, nor of any other parameters or variables
except for blood lend. We have ^T*1""*̂  *h*f the <p*Kfitif*tf\ distribution of individual Mood
lead is log-normal with a constant OSD (given specified values of lead exposure variables
that determine the geometric mean blood lead for individuals with that exact environment).
The method suggested here ia the most convenient and flexibk framework we have found for
neighborhood assessment of the effect of soil lead abatement
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4.2.7.4 Assessment of Risk Using Grouped Data for a Neighborhood
The example in the preceding section had a "neighborhood" with only 4 houses, so that

the amount of work required was not very burdensome. In the real world, the site manager
or risk assessor may be dealing with relatively homogeneous neighborhoods or small
communities with several hundred households. These calculations can be simplified by
grouping soil and dust lead levels into small cells with fixed ranges of values. The grouped
data within each cell are all assigned the same value, such as the midpoint of the interval.

Each cell is then assigned a statistical weight. The statistical weights could be.

(1) The number of housing units with soil and dust lead concentrations in the
interval;

(2) The number of children observed or expected to live in housing units with soil
and dust lead concentrations in the interval;

(3) The fraction of housing in a neighborhood that is expected to have soil and dust
lead concentrations in the interval;

(4) The fraction of area in as-yet-undeveloped neighborhoods with soil and dust lead
concentrations in the interval.

The probability density function (PDF) and risk of EBL children hi then the weighted sum of
the cell PDF or cell risks. If the respective weights are denoted weight (cell 1), weight
(cell 2), etc., and the PDFs are denoted PDF (cell 1), PDF (cell 2), etc., and the risks are
denoted risk (cell 1), risk (cell 2), etc., then:

neighborhood PDF - [weight (cell 1) • PDF (cell 1) + weight (cell 2) •
PDF (ceil 2) + etc.] / (weight (cell 1) + weight (cell 2) + etc.]

neighborhood risk - [weight (cell 1) • risk (cell 1) + weight call (cell 2) •
risk (cefl 2) + ...] / [weight (cell 1) + weight (cefl 2) + ...]

The following hypothetical example may illustrate these points. Suppose that a random
sample of 250 houses and apartments has been obtained hi a neighborhood. The number of
houses in each interval of 250 pg/f soil and 250 pg/g dust lead is shown in Table 4-2. This

4-34



TABLE 4-2. EXAMPLE OF NEIGHBORHOOD RISK ESTIMATION WITH
GROUPED DATA

Hypothetical example of frouped data for a neighborhood with dust and soil samples of
250 sites of house yards. Intervals are 250 pg/g in soil and in dust lead.

Soil
Interval

0-249
0-249
0-249

250-499
250-499
250-499
250-499
500-749
500-749
500-749
500-749

750-999
750-999

1000-1249

TOTAL

Soil
Midpoint

125
125
125
375
375
375
375
625
625
625
625
875
875

1125

Dust
Interval

0-249
250-499
500-749
0-249

250-499
500-749
750-999
250-499
500-749
750-999

1000-1249
1000-1249
1750-1999

1250-1499

Dust
Midpoint

125
375
625
125
375
625
875
375
625
875

1125
1125
1875
1375

Statistical
Weight

30
50
20
10
40
30
20
10
20
10
3
4
1

2
250

Blood Lead'
(Mg/dL)

2.9
4 3
5.7

4.1
5.4
6.7
7.9

6.5
7.7
8.8
9.9

10.8
13.6
12.5

Rjitr
Percent

0 39
3 45

10.61

2.70
936

18.62
28.52

16.45
26.86
38.16
47.56

52.78
72.73

66.93

14.28

'Calculated from IEUBK model with default parameter*.
2Assuming GSO « 1.6.

TABLE 4-3. EXAMPLE OF NEIGHBORHOOD RISK ESTIMATION
WITH COARSELY GROUPED DATA

Hypothetical •»at"pl* of grouped data for too same ndfbborhood as hi Tabte 4-1,
with taterrab of 500 «/I to «oil and dust load.

Soil
Interval
0-499
0-499
500-999
500-999
500-999
500-999
1000-1499
TOTAL

Soil
Midpoint

250
250
750
750
750
750

1250

OHM
aewval
0-499

500-999
0-499

500499
1000-1499
1500-1999
1000-1499

Qua*
Midpoint

250
750
250
750

1250
1750
1250

Statistical
Weight
130
70
.„
30
7
1
2

250

Btaod Lead'
(M/dL)

4.2
6.1
6.4
S.7

10.9
12.8
12.4

Risk2

Percent
3.05

19.81
15.45
36.05
55.50
66.92
64.01
14.41

'Calculated Iron IEUBK model wfeh default parameters, ag« 6 to 84 mo.
2Assuming GSD • 1.6.
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same example is shown in Table 4-3 in intervals of 500 ng/g in soil and 500 ng/g in dust
There is no requirement that there be equal interval lengths in either soil or dust.

The user may then calculate neighborhood risk in three ways:

• Sum of risks for 250 housing units;

• Sum of risks for 14 cells or groups of width 250 pg/g soil and dust;

• Sum of risks for 7 cells or groups of width 500 pg/g in soil and dust.

The results of calculations are shown in the Tables 4-2 and 4-3. The total risk in Table 4-3
is calculated as:

(130 • 3.05% -I- 70 • 19.81% -I- 10 • 15.45% + 30 " 36.05% +
7 • 55.50% + 1 " 66.92% + 2 • 64.01 %)/250 » 14.41%

Tiie risk calculation in Table 4-2 is similar. If there are not too many cells, the amount of
calculation can be strikingly reduced. However, as the intervals are made longer, there is a
corresponding loss of accuracy in the neighborhood risk estimate. The extra effort in
calculating risks with 250 pg/g intervals (14 cells) is probably compensated by the increased
precision, with an estimate of 14.28% instead of 14.41%. The actual risk for the ungrouped
sample with 250 simulated bouses in 14.13%.

4.2.7.5 AsMOTMnt of Rbfc with NoJfhboroood or Neighborhood-Scale Input
There are lifualions in which it is either inconvenient or impossible to apply the ffiUBK

model at the intended household residence scale. For example, if only neighborhood mean
values or geometric mean values of input parameters sucb as soil and dust lead are available.
the model estimate may be far less, reliable than if individual residential measurements were
made. Another possibility is that mere are a substantial number of soil and dust lead
measurements at a ste, but mx at houses or locations within the site where blood lead and
EBL risk «•*»«•«•••• are needed, for example, to compare with blood leads observed at
residences where there are no environmental data. There are some circumstances in which
this is clearly not a valid application of the model. As wo do not clearly understand the
range of conditions under which the IEUBK model may be used with large-scale input data at
this time, we must discourage use of the IEUBK model except with single-residence or
residential lot-sized input data, or with data grouped into cells u in Section 4.2.7.4.
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4.3 ENVIRONMENTAL PATHWAY ANALYSIS

4.3.1 Concept of Pathway Analysis

Environmental pathways for lead have been a subject of interest for EPA for a long
time. Methods for analyzing with multi-media exposure pathways from air lead were used in
developing slope factors for blood lead versus air lead, dust lead, and soil lead in EPA's Air
Qualify Criteria document (U.S. Environmental Protection Agency, 1986). Even though the
focus was on exposure to air lead as a primary source, it was clearly recognized that
whatever the source of lead in air, paint, or soil, the primary exposure vector for young
children was through fine panicles of surface soil and household dust that adhered to the
children's fingers and were ingested in the course of normal hand-to-mouth contact at ages
one to five yean. Thus the total impact of air lead exposure had to be evaluated as the sum
of exposure over several pathways (Figure 4-9).
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Figure 4-9. Exposurt pathways of lead in th« caTfronnMat.

4-37



The IEUBK model assists the user in defining critical pathways for each exposure
scenario. For example, there are two places on the Multiple Source Analysis Menu for
household dust where pathway information may be inserted:

(1) the soil-to-to-dust pathway coefficient may be entered in the first line of the
Multiple Source Analysis Data Entry Menu, replacing the default value of
0.70 pg/g dust per pg/g soil lead;

(2) the direct air-to-dust pathway coefficient is on the second line of the Multiple
Source Analysis Data Entry Menu, replacing the default value of 100 **g/g dust
lead per pg/m3 air Pb.

The following paragraphs provide the basis for some of the default parameters used in
the IEUBK model, and suggest some methods for fatimaring alternate coefficients from site-
specific data, provided the user has some knowledge of statistical regression. White physical
measurement methods such as a comparison of stable lead isotope composition ratios have
been used for source apportionment studies (Yaffee et at 1983; Rabinowitz 1987), most
users will probably have to infer she-specific pathway parameters by statistical analyses of
field data.

4.3.2 Pathway Analyses by Linear Regression

The slope factor approach, described in Section 1.5, A***™™** the linear relationship
between two pathway components. This methods was used for the EPA Exposure Analysts
Methodology Validation (U.S. Environmental Protection Agency, 1989a) to show that there
is a clear relationship between lead in air (PbA), lead in soil (PbS), and lead in dust (PbDv
This relationship may be approximately linear, depending on properties of soil and dust lead
particles; if not linear, then it is at least a positive cause and effect relationship. The
relationship was fift^i1^ using data from air lead point sources such as primary and
secondary lead smelters, other non-ferrous metal smelters, and lead battery plants. The
analysis, using mean values, found die relationship:

(Equation 4.3-2)

where b^ - 0.364 for all point source community*, but - 0.894 for the East Helena
primary lead smelter community. This suggests that there may be substantial differences
among communities in terms of soil-to-dust transfer.
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The direct air-to-soil relationship was also estimated:

PbS = bso + bSA PbA (Equation 4.3-3)

When estimating slope factors by a sequence of regression equations the user should be
aware that the "measurement errors" in pathway equations will almost certainly attenuate the
size of the regression coefficients, and could even reverse the sign of the coefficients
(Kupper 1984). Structural equation modeling techniques attempt to resolve this problem by
the simultaneous estimation of coefficients in pathway models in the face of measurement
errors.

4.3.3 Pathway Analysis Using Structural Equation Models

Systems of linear equations in which the output of one equation (such as PbD predicted
from PbS and XRFI) is used as the input or predictor in another equation (such as PbB from
PbD) cm be reliably estimated using a method known as structural equation models (Bollen
1990). This method was introduced in the analysis of blood lead data by Bornschein et al.
(1985) and Clark et al. (1985) in their analyses of data from the Cincinnati Prospective
Childhood Lead Study. Seven! authors have extensively explored applications of the method
to environmental lead data (Marcus 1991; Burgeon and Menten 1991). Two different
approaches were compared, and found to produce very similar results.

The first approach uses linear equations without logarithmic transformation, but with a
robust method of estimation that is not sensitive to skewness or to instability of measurement
error variances. (The software implementation in the EQS program (Bender 1989) was
particularly convenient.) For a lead mining community, or an urban area in which air lead
levels are so low as to be negligible predictors of blood lead, A typical small system of
equations might be:

XRFI (Equation 4.3-6)

PbD « boo + boxj XRFI + DM PbS (Equation 4.3-7)

PbS - bso + OSXE XRFE + *>&••• House-age (Equation 4.3-8)

where: PbB * blood lead concentration 0*g/dL)
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PbS = soil lead concentration 0*g/g)
PbD = dust lead concentration Otg/g)
XRFI = interior measurement of lead-based paint by XRF (mg/cm:)
XRFE = exterior measurement of lead-based paint by XRF (mg/cm2)
bam = raw regression coefficient where the subscript refen

to: response variable n on predictor m,
BO » intercept
BD - blood to dust
BXI * blood to XRFI
DO » intercept
DXI * dust to XRF (interior)
DS * dust to soil
SO * intercept
BS * blood to soil
SXE - soil to XRF (exterior)
Safe « soil to house age

This model assumes that there is direct infection of interior lew! paint, which also contributes
to household dust, but no direct infection of exterior lead-based paint. The exterior
lead-based paint contribution is subsumed in the paint to soil to dust pathway. Because of
the linear equation formulation, partial effects of lead source terms are preserved:

PbB " Cgo + CM PbS + cBX1 XRFI (Equation 4.3-9)

PbB - dao + dreg XRFB + dtga XRFI (Equation 4. 3- 10)

CW " &» * biD *» (Equation 4. 3-11)

+ ^D tad (Equation 4.3-12)

(Equation 4. 3- 13)

where: cBm * composite regression coefficient for blood on predictor m
* composite regression coefficient for indirect pathways from predictor m

to response n

4-40



The second approach uses logarithmic transformation of the equations in the system
Equations 4.3-6 through 4.3-8:

logCPbB) - Iog(bB0 -r bgs PbS + \%D PbD + b3xl XRFTTEquation 4.3-14)

log(PbD) - logCbjx, + bDXI XRH + bDS PbS) (Equation 4.3-15)

log(PbS) • log(bso + bSXE XRFE + b^ House-age) (Equation 43-15)

This system can be estimated ustag SAS PROC MODEL or similar programs for non- linear
systems modelling. All of die coefficients were constrained to be non-negative, since
negative coefficients are oon-interpretable. However, the appearance of a negative estimate
for an intrinsically positive coefficient should be taken as a diagnosis of some statistical
problem, such as multi-colinearity or the omission of important pndictive variables.

4.3.4 Regression Analyses for Multiple Exposure Pathways: Soil Example

The variables for regression analyses were described briefly in Section 1.5. The use of
a regression coeffic ent in risk assessment is a complicated matter, because one can use either
aggregate regression coefficients, which combine information on all exposure pathways, or
disaggregate regression coefficients in which each exposure pathway has its own slope
coefficient. The exposure of young children to air lead includes soil and dust pathways, as
well as direct inhalation. This is discussed in detail in the OAQPS staff papers (U.S.
Environmental Protection Agency, 1989ab) based on earlier work by Biundcreef (1984).
The aggregate blood lead regression coefficient for air lead, including soil and dust exposure
pathways, is CBA • 5 to 6 pf Pfe/dL blood per pg Pb/m3 air, whereas the direct inhalation
coefficient b^ is only about 2 pg Pb/dL blood per pg Pb/m3 air. For a simple soil lead
pathway model,

SOU -* dUfft •*

SOU •*

whose equations are given by

PbB - bBQ + OBJ PbS + bBD PbD (Equation 4.3-17)

PbD - bro + bos PbS (Equation 4. 3- 18)
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the aggregate blood lead vs. soil lead regression coefficient should be

CBS = bas + ^BD bos (Equation 4.3-19)

An empirical regression coefficient approach would use only the three coefficients 635, bgD

and OQS. In the absence of data from a well-conducted child blood lead study at the same
site or at some similar site, including both soil and dust lead data matched to each child's
total lead exposure, there is no basis for calculating the aggregate soil lead coefficient.
However, the use of a model like the IEUBK model allows estimation of the parameters bgs
and t>BD in Equation 4.3-8 from a synthesis of many diverse studies and does not require
blood lead dan at the site. Any additional information about site-specific exposure and soil
or dust lead characteristics would progressively refine the model predictions, even without a
child blood lead study. Site-specific soil and dust lead data are needed in either approach.
The IEUBK model has a p»«ma>ar in the Multiple Source Analysis for Dust in which the
soil-to-dust coefficient b can be inserted.

4.4 USE OF DATA FROM BLOOD LEAD STUDIES

4.4.1 Overview

In general, data from well-conducted blood lead studies of children at a site can provide
useful information to the risk assessor and site decision maker. The purposes of this chapter
are to explain what type of information a well-conducted bkxxi lead study can provide, how
blood lead study data can be used when assessing exposure to lead, and how to interpret
model predictions when blood lead data for a she are also available.

Proper design and conduct of a blood lead study are critical if the results of the study
are to be considered by the risk assessor. Bkxxi lead data alone, without environmental lead
exposure data and without elements of study design that control rapid changes in exposure
prior to sampling, or without adequate control for sampling and analysis, should not be used
to assess risk from lead exposure or to develop soil lead cleanup levels. However, a
well-designed and conducted blood lead study can be useful in conjunction with site-specific
environmental data in evaluating risk to children.

Blood lead concentrations are widely held to be the most convenient, if imperfect, index
of both lead exposure and relative risk for various advene health effects (U.S.

4-42



Environmental Protection Agency, 1986). In terms of exposure, however, it is generally
accepted that blood lead concentrations yield an index of relatively recent exposure because
of the rather rapid clearance of absorbed lead from the blood. Such a measure, then is of
limited usefulness in cases where exposure is variable or intermittent over time, as is often
the case with pediatric lead exposure.

According to the EPA Science Advisory Board in its 1992 report, "Review of the
Uptake Bioldnetic Model for Lead" (U.S. Environmental Protection Agency, 1992a), blood
lead concentrations are responsive to abrupt or unanticipated changes in recent lead exposure
for children. Since internal exposure is a function of lead intake (concentration multiplied by
intake rates) and uptake, these changes can be environmental, behavioral, and physiological.
For example, leaving a child in a house where lead-based paint has just been sanded would
likely result in a significant elevation in that child's blood lead concentration. Reduction in a
child's blood lead concentration may result from altered behavioMhat reduces exposure to
lead (i.e., more frequent house cleaning, more attention to child's cleanliness, etc.). Cross-
sectional blood lead studies (all done within a short time interval) are most useful when there
is no reason to believe that child lead exposure has changed significantly within the last few
months due to changes in environment or behavior.

A blood lead value may say little about any excessive lead intake at an early age, even
though early childhood exposure may have resulted in significant irreversible toxicity.
On the other hand, analyses that are retrospective in nature such as whole tooth or dentine
analyses can only be done after the particularly vulnerable age in children—under 4-S years-
has passed. Such a measure, then, provides little basis upon which to implement regulatory
policy for environmental or chnicai intervention.

Furthermore, over a relatively broad range of lead exposure through some medium, the
relationship of lead in the external medium to lead hi Mood is curvilinear, such that relative
change in blood lead per nafc change m exposure level generally becomes increasingly less as
e.̂ osure increases. This behavior any reflect changes in tissue lead kinetics, reduced lead
absorption, or increased excretion. In any event, modest changes in blood lead
concentrations with exposure at the higher end of this range are in no way to be takeu a*
reflecting correspondingly modest changes in body or tissue uptake of lead, (U.S.
Environmental Protection Agency, 1986).

Data from good quality blood lead studies can be useful in examining die predictiveness
of the model. The IEUBK Model predicts blood lead concentrations in children younger
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than 84 months based on environmental inputs for soil, house dust, water, air, and dietary
lead intake. It would be logical to assume that the distribution of blood lead concentrations
predicted by the model using site-specific data would be generally *imiiar to those measured
in the population, provided that the actual blood lead study was well designed and conducted.
The EEUBK Model may not be able to account for all sources of exposure. If the predicted
blood lead concentrations are not similar to those observed, an attempt should be made to
identify the reasons for those differences.

It is important to recognize that most implementations of the lead model now rely on
the assumption that exposure to lead in soil and dust is primarily residential in nature.
However, in an actual population of children, there will be «ih«**nri«| opportunity for non-
residential lead exposures. Periods of time spent away from the home may also have the
effect of reducing the residential exposures that would otherwise occur. The fact that the
model •rp'fr**^"* cannot now track all aspects of nonresidential of lead sources that a child
may encounter implies that a precise match between calculated and predicted blood lead
distributions cannot be expected. Nevertheless, due to the importance of
exposures to lead in children, a reasonable overall agreement should be anriripitH in such
comparisons. These considerations argue that reliance on P-vahies from mtijty-^i tests is not
an appropriate basis for judging the comparability between observed and predicted blood lead
concentrations. It should be noted that calculations of blood lead concentrations on the
assumption of residential exposure is a useful endpoint in site risk evaluation, as many
children will indeed experience primarily mrirtrntial exposures to lead.

It is important to understand that the model should not necessarily be expected to
reproduce the observed blood lead concentrations exactly. The model predicts the geometric
mean blood lead level corresponding to a given set of exposure inputs. Probability
distribution «>«t4«Mta« produced by the model for a given GSD can be used to define a
prediction interval for blood lead concentrations. As long as the interval includes the
observed blood lead correspocding to the same exposure inputs, the model has performed
ade-Tuatety. Bvan when a predicted blood lead interval for a set of exposure inputs doe- MX
over op an observed bkMd land level, there may be plausible explanations owing to the
complex nature of multi-media exposures and the difficulty in characterizing all die relevant
determinants of these exposures, and the degree of inter-individual variation in blood lead
concentrations that is known to exist even when exposure is very well characterized.



4.4.2 Data Quality

The quality of blood lead data can be specified by Data Quality Objectives <T>QOs)
which are established prior to the data collection effort. This DQO effort, as outlined in the
Guidance for Data UseabUhy in Risk Assessment, Part A (U.S. Environmental Protection
Agency, 1992b), should result in a sampling and analysis plan which details the chosen
sampling and analysis options, and provides goals for confidence intervals. The data quality
indicators of completeness, comparability, representativeness, precision, and accuracy can
provide quantitative measures of data quality of both sampling and analysis for blood leads
concentrations.

The data quality indicators for sample collection and analysis are presented in detail in
the Centers for Disease Control and Prevention protocols for blood collection and analysis.
Those protocols also cover the elements of QA/QC for specimen*collection, specimen
preservation and shipping, analytical method performance, bench and blind quality control
material, and data integrity. The following guidance is given by CDC on selecting a
proficient laboratory and interpreting the results from that laboratory (Centers for Disease
Control and Prevention, 1991):

"Laboratories where blood is tested for lead levels should be successful
participants in a blood lead proficiency testing program, such as the program
conducted jointly by CDC, the Health Resources and Services Administration,
and the University of Wisconsin. In interpreting laboratory results, it should
be recognized that a pfofideot laboratory should measure, blood lead levels to
within several Mf/dL of the true value (for example, within 4 or 6 nt/<fL of a
target value). The blood kid level reported by a laboratory, therefore may be
several Mg/dL higher or lower than the actual blood lead level.'

In terms of evaluating tfae design of a sampling plan for blood lead, perhaps the most
important data quality intu~itor is that of representativeness. Representativeness is the extent
to which the data defines die true risk to human health for the populsrinn living at dm site.
For consideration in the risk assessment process, the sampling must adequately represent
each exposure area and exposare scenario. Sampling that is occnpresentative increases the
potential for false negative or false positive results. A tfirltrinlly based sampling plan is
needed in order to achieve representativeneu. Most studies have tried to include all children
less than 84 nxmthsof age,oraiandom subsampkof that age group. A substantial non-
response rate, or attrition rate in a longitudinal study, will undermine the reliability of the
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study findings. Opportunistic or selective samplings may occur with a medical referral
program, a daycare center recruitment, or a community-wide request for volunteer
participation, and are likely to be non-representative for the whole population. Studies m
which respondent families are identified by telephone may miss families without phones, that
may include transient populations and poorer populations who are possibly at greater risk.

4.4.3 Age of the Population Tested

The EEUBK Model contains uptake parameters and pharmacokinetic algorithms for
children younger than 84 months of age, and predicts blood lead levels only for those ages
Infants and children younger than 84 months of age, that is, 6 months to 7 yean old, have
been identified as the subpopulation most susceptible to the advene effects of exposure to
low levels of lead (U.S. Environmental Protection Agency, 1986). For this reason, the
blood lead study data'that are to be evaluated in conjunction with the results of the FEUBK
Model should consist only of those children younger than 84 months of age. If age groups
older than 84 months are included in the study, it will be necessary to remove the data for
these children from the data set, and to remove their contribution to the statistical results.

4.4.4 Time of the Year When Testing Was Done

Blood lead concentrations show seasonal fluctuations due to factors such as the
relatively short half-life of lead in blood, reduced outdoor exposures in the wintertime, and
perhaps to physiological (hormonal) changes. Cold weather, attending school, and snow
cover tend to reduce the amount of time a child spends outdoors, and the child's direct
contact with contaminated soil. The amount of this fluctuation is variable depending on
physiological and behavioral factors as weD as climatic ones. Seasonal fluctuations in blood
lead concentrations as great as 4 to 6 Ml/dL have been observed in some studies (Stark et al..
1982; Rabinowitr et tL, 1984; Mentou et al., 1994).

Hence, t bJood toad study conducted in August would not be comparable to one
conducted in March. In the 1979 to 1982 Boston lead study (Rabtoowitz et al., 1984;
Menton et al., 1994), blood toad concentrations associated with fluctuations in air lead and
dust toad (probably from combustion of leaded gasoline) were at their maximum during the
May to August period. Drpending on the climatic conditions at a site, the peak summer
month! are an optimum time to conduct blood toad testing when soil toad is the primary
source. The children are more likely to have been playing outdoors for 2 to 3 months and
have had the greatest opportunity to be exposed to outdoor sources of toad.
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The amount of time a child has been exposed to a specified environment is also a
concern when evaluating the testing period. Because of the relatively long amount of ume
required for a child to come to nearly complete equilibrium with his or her environment, it is
recommended that children who have lived at their current residences for less than
three months or who spend more than 80% of their time away from their residences be
excluded from the statistical analyses if only environmental lead data from their current
residence are available. Blood lead results for these children may not be representative of
the true health risk at the current residential site.

Because there are few data to quantify the impact of seasonal fluctuations on childhood
blood lead, the model was calibrated using data collected during the peak summer months.
Blood lead studies conducted at other times of the year should be adjusted to compensate for
this seasonal difference.

4.4.5 Concurrent Characterization of Lead Sources

If a blood lead study is to be evaluated in the risk assessment process, it is important
that all of the sources of lead exposure at the site be characterized and quantified. The most
useful data bases contain "paired' data sets (i.e., each child's blood lead would be paired
with the environmental data that represents the child's integrated exposure to lead). This
pairing of environmental data with blood lead data allows the risk assessor to examine the
relationship between a child's blood lead and his or her sources of exposure. At a minimum,
the environmental data would include the lead concentration in soil and in house dust at the
child's residence.

When the blood lead coaceatrations predicted by the model vary significantly from
those observed in the rT"*****1*. this pairing of environmental and biological data provides
the risk asseaaor with a tool by which to examine those differences. For example, were all
of the children's predicted blood lead values systematically higher or lower than those
observed? If so, perhaps aa important source of ~*d exposure in the community was
overlooked, perhaps assumptions about intake rates or uptake may be invalid, or perhaps
unidentified behavioral variables affecting the source lead-blood lead relationship are
operating. If a few indrvkhal children show particularly striking deviations of observed
blood lead from predicted blood lead, then die contaminant concentrations or
demographic/behavioral data for those children should be re-examined.
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4.4.6 Demographics and Behavioral Factors That Affect Lead Exposure

Prior to sample collection, a well-designed blood lead study will have obtained
information on the demographics and behavioral factors that affect lead exposure in a
community. Such a community survey asks families about occupations, hobbies, social and
economic status, bouse cleanliness, interior/exterior paint condition, children's mouthing
behavior, etc. All of these questions are designed to identify factors that can modify the
extent to which a child is exposed to the concentrations of lead in his or her environment
(i.e., in media around the child). The Demographics Workplan for the California Gulch
Study Area is an example of one such survey (Woodward-Clyde, 1991).

The results of the community survey can be used to evaluate differences between blood
lead concentrations predicted by the model and those observed. Affirmative answers to
"Have you sanded the paint in your home recently?" or "Does your child eat paint chips
frequently?" may highlight why some predicted and observed levels differ. With the
information from these surveys, a risk assessor can evaluate differences between observed
and predicted blood concentrations due to behavioral or demographic factors.

4.4.7 Effect of Publk Awareness or Educational Intervention

Whether or not a community's awareness of the hazards of lead exposure can cause its
members to act to alter blood lead levels is an unresolved question. It is possible that an
enhanced awareness of told exposure in a community could prompt that community to alter
behaviors to reduce lead exposure, and subsequently, reduce blood lead concentrations in that
community. However, the empirical data on this phenomenon are very limited. Anecdotal
evidence suggests that one on one counseling and educational intervention targeted
specifically toward high dak children is effective in reducing individual blood lead
concentrations (personal communications: R. Bonucbdn, 1992; I. Von Lindern, 1992).
We are not aware of an^r study that has been designed specifically to test the effectiveness of

A good flinty 'iftifp is pfffttfd to avoid both statistical
sampling biases.

Whether or not a general type of awareness in a community may elicit a similar
response has yet to be determined. The differential effectiveness of public awareness
campaigns about soil and dust toad hazards in different subpopulations has also not been
investigated. A study in Raleigh, NC, found that the greatest response to the city's offer to
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test tap water for lead (at no cost to the water customer) was from the higher income
neighborhoods of the city (Simmons, 1989).

Therefore, when a risk assessor is evaluating a blood lead study, he or she should keep
in mind the potential effect of public awareness on blood lead concentrations. If active
educational intervention and counseling programs are being conducted at a site phor to blood
lead collections, or if there is a high level of citizen concern about contaminated sites, the
results of that blood lead study may be different than it would have been otherwise.

4.4.8 Comparison of Observed and Predicted Blood Lead Concentrations

4.4.8.1 Were Important Sources of Lead Exposure Overlooked?
Unless site-specific data an provided by the user to the IEUBK Model for soil, house

dust, air, drinking water, and diet, the model will assume a standard default value for intake
from each medium. For example, at a site where the soil lead concentrations are elevated
and homegrown fruits and vegetables are a large pan of the diet, the diet pathway may be
contributing more significantly than the model assumes to total lead exposure. The standard

.diet default value in the model is based oo recent PDA market-basket survey information and
pertains to lead concentrations in store-bought food. It doesn't consider the contribution of
lead from homegrown fruits and vegetables, which may vary from site to site depending on
the soil lead concentratioo, soil conditions, type of produce, climate, etc. Communities that
have large ethnic minority populations may also have unique sources of childhood lead
exposure in folk medicines or pptmfrtre that use lead compounds, or in foods imported in
lead-soldered cans.

Ingestion of paint chips is another source of exposure that may be overlooked.
Exposure to lead occurs from deteriorating bouse paint via ingestion of paint chips, and via
ingestioo of fine particle* of paiat in household dust. Exposure to fine particles of lead-based
paint in dust and soil is handled through the soil/dust menu. For ingestioo of paint chips,
however, the IEUBK Model assumes a standard default of 0 pf/day for le from paint chips
and other alternate sources.

In addition to *«««i»««i««g the possibility of overlooking an important source of lead
exposure, the risk assessor should examine the representativeness and accuracy of the
environmental data that were collected. For example, is the model input value for lead
concentratioo in drinking water based on first draw tap samples, groundwater samples, or

from public water company records? A weighted combination of first draw and
flushed tap water samples (phis water from school or day care fountains, if applicable)
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provides the most appropriate representation of the average lead values in a child's drinking
water. The farther away you move from these sources of information, the less accurate and
more uncertain your input to the model will be.

Is the soil lead input based on the average of soil lead concentrations over the entire
yard or is it based on composite samples from a child's yard? If there is substantial
variability in soil concentrations at different locations about the yard, as is often true, an
average of the entire yard may not be an accurate estimate of risk. An integrated assessment
using the perimeter, play areas, and bare areas from each child's residence would provide an
alternative basis for estimation.

Ideally, the inputs to the model should represent the integrated daily exposures each
child might be expected to have. The absence of data specifically collected to estimate the
integrated exposure will limit the accuracy of an analysis. Refining the accuracy and
representativeness of the environmental data values provided to the model may be useful in
resolving differences noted between estimated and observed blood lead concentrations.

4.4.8.2 Art Thtrt Inteminted or Fjihmred Exposure Pathways at the Site?
A mistake that is often made is equating contaminant concentration with exposure or

risk, where the risk assessor assumes potential exposure is actual exposure. Briefly, if there
is no exposure, there is no risk. If an exposure pathway is «HmMii«h«ri or enhanced, then
regardless of contaminant concentration, the resulting exposure or risk is also diminished or
enhanced. For example, at the same concentration of lead in soil, exposure to bare soil may
be greater than if the soil has a good vegetation cover.

4.4.8.3 Art the Assumption About Sfcte-Sptdflc Intake Rates and Uptake Parameters
Valid?

Internal (systemk) exposure for humans is a function of '***•****»•* concentration,
intake rate and uptake. Environmental sampling am be designed and conducted to obtain a
reasonably accn. tt rftjrrefnlsiinii of the lead exposures a chad Bright ctpaileuie at a site,
thereby reducing some of the uncertainty in the exposure estimate. However, it is more
difficult to reduce the uncertainty about the she-specific intake rates (i.e., soil ingestion rate,
water ingestion rate) and uptake parameters.

At this time, the empirical evidence on these aumnptinm is limited and variable.
In other words, there is a degree of imprecision and uncertainty in the intake rates and
uptake parameters. Pbr example, bioavailability of lead from sott is one uptake parameter to
which the model is very sensitive. The model assumes a standard default of 30% for
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absorption of lead from soil in the gastrointestinal tract, yet existing bioavailabtluy srudies in
animals show values ranging from 5 to 40%. Concerns exist about the design of. and animal
models used in, these studies (Section 4.1). Site-specific adjustments in the uptake
parameters require strong justification.

A risk assessor should first explore all of the other rationales for differences between
observed and predicted blood lead concentrations (i.e., sources of lead that were overlooked.
incorrect assumptions about pathways, inaccurate estimates of environmental intake, and
inadequate information about important or relevant demographic/behavioral factors). The
risk assessor should then have strong site-specific justification before exploring non-default
assumptions about uptake parameters.

4.5 ASSESSING THE RELATIONSHIP BETWEEN SOIL/DUST AND
BLOOD LEAD

4.5.1 Assessing Reductions in Blood Lead

The IEUBK model can be used to estimate the change in geometric mean blood lead
from reducing lead exponm, provided the exposure has remaioed stable for at least three
months and there is a sufficiently detailed characterization of post-reduction lead exposure
This means that it is necessary to calculate the post-reduction levels for the controlled
medium, the recontaminarioo of tbe controlled medium by source! of lead exposure that are
left after reduction, change* hi the other exposure media from different pathways, and
changes in physical or chemkil properties of all media that may affect access, intake, and
bioavailability to children.

There are not many data on pott-abatement environmental lead concentrations for
nonurban sites, such as smelters or lead mining sites. Aa an example, suppose that a
primary lead smelter bat ben doeed down. This immediately reduces or dhnmaiM
air-borne leaded partkulafes. Over the next few months, fine surface particles in household
dust not otherwise trapped by carpets, upholstered furniture or inaccessible nooks and
crannies, will be gradually swept, washed, or blown out of the house. If replaced by new
surface soil particles, these wffl be much lower in lead than before die smelter was shut
down, so that the household dost lead concentration may be expected to decrease within
characteristic time scales of a few months to a new quasi-equJEbfium value. Tbe surface soil
that had high concentrations of lead before the smelter was shut down may gradually be worn
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away by wind or water erosion, but over a period of many years. This pattern is an
description of what has actually been observed at the Bunker Hill site in northern Idaho

The EEUBK model may be used with long-term post-abatement values to predict blood
lead concentrations in children occupying these residences long after abatement has been
carried out, without worrying about the dynamics of soil and dust lead changes over time.
However, the post-abatement soil and dust at a specific site may not be the same as pre-
abatement soil and dust at the same she. If highly aggregated soil is replaced by loosely
consolidated fine panicles in clean fill soil, and is not adequately covered by grass or sod,
then the post-abatement soil may be both more easily transported into the house and more
bioavailable than before abatement. Conversely, if the grass or sod cover is maintained well
after abatement, then the post-abatement soil-to-dust lead coefficient in the IEUBK model
may be different than the pre-abatement value. Tbe validity of the IEUBK model predictions
for post-abatement lists is limited by the validity of the input parameter assumptions for
post-abatement exposures.

At present the definition of elevated blood lead (EBL) is the level of concern of
10 Mg/dL defined by USEPA (1990b) as the tower limit of the range of known possible
adverse neurobehavknal effects in young children. The protection level most often used in
practice is a maximum 5 percent risk of elevated blood lead (EBL) for children in a given
household.

Tbe user has the responsibility for using model input parameters that are appropriate to
the site. Collecting an adequate number of representative soil and dust samples, and
determining their lead concentrations and physical or chemical properties that affect transport
and bioavailability, are generally the minimum site-specific data collection and analyses that
are needed. The ideal input data includes (1) a multimedia household environmental lead
study mat includes soil, dost, paint, water and air, (2) information on kad exposures outside
the child's hone; and (3) information on family demographics and child behavior patterns in
the commnnirjr tbat may afreet acceas to lead sources; (4) characterization of physical and
chemical properties that affect bioaccessibility and bioavailabUity.

Interest has been growing in the potential uses of the IEUBK model for sites at which
there is presently no residential housing, or at sites at which children may be exposed
without residential dwelling units being physically on die site. Since the IEUBK model
calculates expected geometric mean blood lead concentrations and EBL risks for hypothetical
populations of children, the model can be used for these applications. This can be done only
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if there is sufficient information on child exposure to estimate time-weighted or activity-
aeighted soil lead and dust lead concentrations, combining both residential and on-site
exposures.

4.5.2 Situations in Which the Use of the Integrated Exposure Uptake
Biokinetic Model Is Uncertain

4.5.2.1 Assessment of Risk with Community or Neighborhood-Scale Input
There are situations in which it is either inconvenient or impossible to apply the EEUBK

model at the intended household residence scale. For example, only mean values or
geometric mean values of input parameters such as soil and dust lead may be available for a
group of households. Another possibility is that there are a substantial number of soil and
dust lead measurements at a site, but not at houses or locations within the site where blood
lead and EBL risk estimates are needed. We have little information on applications of the
EEUBK model with larger-scale input data, and we must caution the user against using the
TEUBK model for this purpose, because little is known about blood lead variability in such
situations.

4.5.2.2 Use of Surrogate Input Data from Models or Surreys
When modeled or survey data is to be used as input in the Lead Model, the user should

consider the collection time and scale of the data in order to obtain maximum predictability
in the output. Applicability to the individual home, neighborhood area or community should
also be demonstrated. For example, housing age can provide a useful screening variable for
Meld measurements of lead hi tap water and lead-based paint, but it is not likely to be an
adequate substitute for the kid concentration data unless a quantitative predictive relationship
can be established by other undies hi the same home, neighborhood or community. Such
screening variables may be useful to screening for areas of concern for lead exposure
sources. At die same time, dtt output values should not be construed as accurate
representations of die actual chQd blood lead levels in these areas.

4.5.2J UMoftheModdTeAaMaiRiskofEleTatedBIoodLeadatUieRegioiialor
State Level

There is no empirical basis whatever for using die present version of die IEUBK model
at this scale. We have serious concerns that large-scale input data may be totally inadequate
characterizations of die spatially confined exposure for any individual child.
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4.5.2.4 Use of the Model To Assess Trigger Levels for Soil Abatement at the
Community, Regional, or State Level

Use of the present version of the IEUBK model at this scale is discouraged, because
risks cannot be estimated adequately.

4.5.3 Factors That Constrain or Limit the Use of the Model

4.5.3.1 Data and Data Sets Used as Input for the Integrated Exposure Uptake
Btokinetk. Model

Residential Vtrsus Commtrcial/Industrial Sitts
The IEUBK Model uses site-specific data on the lead concentrations in air, water, soil

and household dust, and average daily intake of lead from diet and from direct ingestion of
paint chips, to estimate the geometric mean.blood lead in children exposed to environmental
sources of lead. The data input requirements assume a residential exposure, and thus the
output of the IEUBK Model with default assumptions is probably not predictive for industrial
or commercial sites at which exposures for small children are restricted, except perhaps in
assessment of future use scenarios, or as additive components to a residential exposure
scenario. Development of model estimates in such situations would require adequate
specification of soil and dust ingestion derived from the contaminated site.

Age Group for Which Data Is AvaOabU
The IEUBK Model contains data and algorithms to determine intake, absorption,

excretion and movement of lead between body pools for children from 6 months to 7 yean
of age. The IEUBK Model is only predictive for children in this specified age range or any
subinterval within this range. Future versions of the IEUBK Model may be expanded to
include data on metabolic processes in older children and adults, and thus allow
characterization of blood lead levels in these populations.

At present, the IEUBK Model cannot be used to characterize blood lead levels in
children older than seven yean or in adult populations.

OOur Critical SubpopmlaOoiu
The IEUBK Model does not predict the blood lead levels of pregnant women, given

either default or site-spedfic exposures. A parameter input for the maternal blood lead level
has been provided in the IEUBK Model to capture the effect of prenatal exposure in unusual
circumstances of exposure, i.e., in occupational settings. In general, maternal lead exposure
during pregnancy is not well characterized for changes that occur from pre-pregnancy
baseline. The adverse effect of prenatal lead exposure on neurobehavionl and physical
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development is highly significant, and future versions of the EUBK Model may include a
prenatal exposure component based on the transfer of lead from the mother's blood to the
fetus at the time of birth.

The IEUBK Model contains no specific data to differentiate the adverse effects of lead
on different racial or ethnic groups, nor is there sufficient published data to develop this
component. However, exposure scenarios for a specific subpopulation may be provided by
the user if data are available.

Residency Requirements
The IEULK Model does not allow entering rapid tune-varying changes in exposures to

lead sources. The IEUBK Model has been developed using blood lead data from children
who have had at least a three-month exposure to their residential sources prior to blood
sampling for lead analysis, that is, a minimum three-month residential requirement for
inclusion in blood lead studies. The three month residency requirement guarantees that

.predicted blood lead attributable to the current residential exposure win be nearly at a steady
state level. If residency requirements have not been met or if lead exposures are changing
rapidly, the IEUBK Model can be expected to give less than accurate predictions, because
exposures at prior residences may still be a major determinant of blood lead.

Timing of Data Collections
Because of the variability in child blood lead levels with seasonal exposure and the

corresponding variability in environmental lead levels (i.e., changes in household dust lead
levels with seasonal and activity changes) strict attention should be paid to the timing of data
collections if the data is to be and as input in the IEUBK Model to make predictions about
individual or community blood tad levels in children. This is especially important if the
predicted blood lead levels are to be compared with die results from a community blood lead
study, to aasnre d*t the two smdkc measure the same population at the same period in time.
same season of ne year. The parameters for the IBUHK, model were developed from diverse
animal and maun studies. CoOecttaiy, these studies reported ranges of values for these
parameters. The first safe m model validation was a calibration safe, using paired data-
measurements of lead in environmental media and in blood collected from children under the
age of six, taken within a short period. Comparison of observed and predicted blood levels
suggested modifications of die parameters, within the range of plausible values suggested by
the literature or by our analyses of research data. After there adjustments, the model
obviously could not appropriately be tested again using the same set of data. Therefore,

4-55



validation tests were performed using the sets of community blood lead data paired with
environmental exposure data for the same child.

4.5.3.2 Biological and Exposure Parameters Used in the Integrated Exposure Uptake
Biokinetic Model Bioavailability of Soil Lead

The bioavailability of lead from different sources may be variable due to differences in
lead concentration, lead spetiatioo, particle size and mineral matrix (Baritrop and Meek,
1975; Baritrop and Meek, 1979; Heard and Chamberlain, 1982; Rabinowitz et al., 1980;
Cotter-Howells and Thomton, 1991; Aungst and Fung, 1981). Additionally, bioavailability
may vary as a function of physiological parameters such as age, nutritional status, gastric
pH, and transit time. The IEUBK Model uses a default of 30 percent lead absorption from
soil, which is constant across all concentrations and soil sources. Site-specifk data on the
soil and dust bioavailability may improve the accuracy of the blood lead level predictions.

Otter Lud Exposun Inputs
Child default values for dietary lead intake are provided by year and by age of toe child

in Ji. IEUBK Model. The use of default values is appropriate unless the dietary lead intake
is very high, due perhaps to a high intake of home-grown fruits and vegetables or the intake
of lead-contaminated ethnic food or drugs.

Exterior lead-based paint can make a significant contribution to soil lead, and is usually
considered as pan of this exposure source. The contribution of lead-based paint to indoor
household dust is harder to estimate because the condition of the paint varies from house-to-
house and the rate of incorporation into house dust is variable. If the household lead-based
paint contribution is highly variable in a community, care should be taken to avoid
combining all homes in a single tun of the IEUBK Model, as the output results may not be
applicable to the population

ChildfM can eat cUps or strips of deteriorating lead-based paint directly from painted
surfaces, even whan die total area of lead-painted surface* is so snail that the total
contribution of lead-baaed paint to uaerior hcwieooU dust« exterior soU is too small to
identify. Paint chip intake reflects child-specific behavior, including observed ingestion of
paint chips, observed contact of the child's mouth with painted surfaces and the frequency of

uthing of non-food objects.

Blood Uad
The variability of individual blood lead levels with respect to the geometric mean blood

lead level predicted by the IEUBK Model is characterized by a single number the geometric
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standard deviation. The GSD is used as a single number to characterize the relative
variability of the log-normal distribution representing the aggregate uncertainty in all sources
of population variability: biological, uptake, exposure, sampling and analytical.

A common misconception is that the IEUBK Model predicts the community geometric
mean blood lead and the fraction of children at risk when the input is the arithmetic mean or
geometric mean across households of household-specific lead concentrations. This use of the
IEUBK Model may cause seriously misleading interpretations of the output of the model,
when UK true extent of variability is not known. A correct approach to neighborhood risk
estimation is given in Section 4.2.5.

Prior Body BurtUn
Child blood lead level predictions obtained using the IEUBK Model reflect the

contributions from lead sources entered into the model; they dotoot take into account any
existing body burden which may be the result of prior exposures not known to the user.
Current blood lead levels depend oo prior exposure history as well as present exposure.
If past exposure levels have been greatly elevated, the results obtained from the IEUBK
Model may not be accurate. Where children have had high prior exposures, that prior
exposure affects blood lead levels for at least three months after the exposure ends, a
"washout" period. Future *«HIM**« ^g based on present conditions. If those conditions
change (e.g., deteriorating paint that might change house dust lead concentrations), the
exposure and consequent risk will be different.

Alttrnatt Exposun Location*
Child blood lead levels obtained using the IEUBK Model refect input lead sources at

the household level or neighborhood level They do not necessarily take into account
increased or reduced lead exposure* which may have taken place at parks, preschool, homes
of babysitters, neighbors or raliliimn. or other locations frequented by the child, unless these
exposures are measured and explicitly entered into the model as inputs. Thus, the results
obtained from t CEUBK Model may not be accurate unless the child's activity patterns have
been well documented.

Sodoceonomic Status
The blood toad levels of two children with identical lead exposure scenarios, but living

in different family behavior patterns might vary greatly. The difference in socioeconomic
status might be reflected in differences in household repair and cleaning, washing of
children's hands and toys, food preparation methods, concern for balanced meals and
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unproved nutritional status, more regular eating patterns, etc., all of which may impact blood
lead levels. Use of the IEUBK Model should be proceeded by adequate characterization of
information on behavioral and other socioeconotnic differences, and advice from regional
offices on appropriate adjustments, if warranted.

Inttrvention/Pubtic Education Programs
Intervention and public education programs can inform the community of the adverse

health effects of lead exposures and now to reduce them. These activities may result in
reductions in blood lead levels in portions of a community that may be temporary, depending
on how well the information is conveyed and received. These temporary changes in blood
lead concentrations might occur during a one-time blood lead survey and cannot be predicted
using the IEUBK Model. Some of the examples in Chapter 5 describe the correct application
of the model in this situation.

4.6 WHAT YOU NEED TO KNOW ABOUT BIOKINETICS

4.6.1 Description of the Biokinetic Model

The IEUBK model has & "cry detailed biokinetic modelling component. This
component of the model is not accessible to the user because, in our judgement, most users
will neither wish to change the biokinetic panuneten nor have me need to change any of the
biokinetic parameters. The biokinetic panuneten are used to define intrinsic biological
variables that do not change from one exposure scenario to another, once a child's age is
specified. The basis for the btokmetk panuneten are described in the Technical Support
Document: Panuneten and Equations Used in the IEUBK Model for Lead in Children (see
Section 1.2.2).

The biokinetic model is a compartmental model, in that it assumes mat all of the lead m
the child's body can be attributed to one of seven kmetically homogeneous .ompaitments and
that transfer between these compartments occun through normal physiological processes.
The compartments in this model are:

Plasma and extra-vascular or extra-cellular fluids (denoted ECF);
Red blood cells
Kidney
liver
Other soft tissues
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Trabecular (spongy) bone
Cortical (compact) bone

The distribution of lead in the body is only approximated by a compartmental structure,
even in so-called physiologically-based pharmacolunetic models, because no tissue
compartment is, in reality, completely homogeneous. However, the compamnental method
is so useful and accurate that it has been almost universally adopted.

Realistic growth equations are used for each organ or tissue pool (biokinetic
compartment) from newborn status to age 7 yean. The transfer times (equivalently,
fractional transfer rates) among compartments are scaled according to organ volume or
weight, or body volume or weight, using allomethc scaling consistent with organ or body
surface-area scaling. The basis for the compartmental transfer times are the reanalyses we
have done for data from studies in infant and juvenile baboons, jusing data in (Malion 1983)
and (Harley and Kneip 1985). A wide variety of studies in human children and adults, in
other species, and in other netals was used to estimate biokinetic parameters not estimatabte
frcTi the baboon studies. Growth equations were derived from Altman and Dittmer (1962),
Specter (1956), and Harley and Kneip (1984). The literature review revealed 17 adult and
3 pediatric studies for evaluating the transfer time from blood to urine. An allometric
scaling factor, based on the correlation between body surface area and glomerular filtration
rate (West, 1948), was applied to the transfer time composited from the 17 adult studies to
provide an estimate of the Mood to urine transfer in children. An estimate of transfer from
blood to feces and blood to urine far adults was taken from Chamberlain et al. (1978) and
Rabinowitz et al. (1976), and far transfer from blood to soft tissues from Rabinowitz (1976),
and equations for compartment to blood lead concentration ratios from Barry (1981).

The flow of Ifad ftoni extefonl m*Hfa jqt« ffa» body ***** Hn* dfifiNitkm *«H elimination
of lead is shown graphically at Figure 4-10. Transfer of lend to and from plasma and
extravascular fluids is govened by first-order kinetics, in that the rate of change of the lead
content in each compartment is a ronct» . of the current state of die system as defined by die
lead cx>ntemof eachof thecompartmeots. If the dependence of the me of change of lead
content is a linear function of the contents of all of the compartments, then die biokinetic
model is described as a first-order linear kinetic model. The IEUBK has almost linear
kinetics, except that we assume that the lead-binding capacity of the red blood cells can be
saturated when lead uptake into the body is very high. Uptake of lead can occur through the
lungs into the plasma-ECF pool, or through the gut into the pUsma-ECF pool White the
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Figure 4-10. Bfokinetk compartments, eonpardnental lead flows, and uptake pathways
in the integrated exposure uptake biokinetk model.

plasma-ECF pool may be viewed as the central pool or compartment in this system, the usual
observable is the blood lead concentration, which combines both the lead in plasma-ECF
pool and the lead m the red blood cells.

4.6 J CoMeqoences of Btokinetk Parameters for Site-Spedflc Risk

change only once a year.The exposure scenarios that can be used in the
Since most of the transfer times for children are on die order of 1 hoar to 1 month, die
OBUBK calculations of lead levels in blood and soft tisnes may be assumed to be in
a quasi-steady state condition with respect to exposure. The qnasi-steady-state condition may
allow the use of simple ttbear approximations to blood lead vs. media concentration or media
intake of lead at different ages. But the time scale for release of lead from bone is much
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longer, on the order of 1 to 3 years, so that the bone lead level quickly builds up and the
skeleton contains 60 to 70 percent of the total body burden of lead by age 2 yean. There is
not be a true steady-state blood lead level during the 7-year interval used in the IEUBK
model for young children. As bone lead burdens increase, so will there be a growing
component of lead in blood that comes from release of lead from the skeleton or from
resorption of bone in growing children.

Because of this release of bone lead, there may be a large component of blood lead
levels in children that will respond only slowly to any changes in environmental lead
exposure. This is particularly noticeable in evaluating soil lead abatement studies and
strategies, where a child may have accumulated a large body burden of lead before the
abatement. In the first year or two after the abatement, the internal or endogenous source
oflead stored in the skeleton may cause a moderately elevated blood lead level to persist in
the child. Children who were never exposed to the elevated enweonmental lead, or who did
not accumulate a large body burden of lead before the abatement even though the
environmental exposure was high, will not have this residual elevation of blood lead from
resorted bone lead.

4.7 ISSUES IN USE OF THE MODEL FOR PAINT CHIPS

4.7.1 Inappropriateness of Use of IEUBK Model for Paint Chip Ingestion

The IEUBK model, Version 1.0, does not contain an explicit component for lead-based
paint ingestion outside of the Alienate Source Option in the SoO/Dust Menu. The correct
use of die EEUBK model is ID estimate geometric mean blood lead levels and distributions of
blood lead levels in young children who have long-term chronic exposures to lead. It has
long been known that the mfeetion of even tiny quantities of pamt chips on a single occasion
can cause serious lead Inimical bo. Chisolm and Harrison (1956) show photographs of small
paint chips weighing seven! grams that can easily be removed a^u eaten by a child. Since
old lead-based paints can contain m excess of 50 percent lead, the child may ingest several
million micrograms of lead hi a single episode. The IEUBK model is not intended to address
this situation. The EBUBK model hi intended to address the situation where the child ingests
typical quantities of household dost that have been cnnnminated by leaded sous and by
deterioration of old lead-based pint from interior surface*. The inclusion of lead-based paint
in the dust menu implicitly f̂ff"* f̂ that paint has fallen off the painted suffice as fine
particles, or has fallen off as discrete flakes or chips of paint and has been reduced to small
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panicles in situ on the floor, carpet, furniture or other surfaces. Interior lead-based paint
may not wear as rapidly as exterior paint due to the near-absence of sunlight on most
household surfaces, but common observation finds many deteriorated lead-painted interior
surfaces in older housing, especially in wet rooms such as kitchens, bathrooms, or laundry
rooms (HUD, 1991).

The following data are presented to assist the user who wishes to develop an exposure
scenario in which there is long-term ingestion of chips of lead-based paint, in addition to che
interior household dost lead contribution that is already included in the IEUBK model.
An exposure scenario with paint chip ingestion can be entered in the Other Source Menu of
the model. Tte data for construction of an alternative lead-based paint chip menu were
reviewed by the EPA Technical Review Work Group, who concluded that these data were
not adequate to be recommended as default values. There are greater uncertainties about
paint chip exposure and uptake than about other exposure media. These uncertainties
include:

(1) The quantity of paint chips ingested on a long-term or chronic basis is
unknown; however, even small quantities of ingested paint chips can
produce i lead intake of millions of micrograms per day, overwhelming
all othe; sources.

(2) Lead levels in bousing are most typically measured as surface loadings
using portable XRF analyzers. While there are several proposed
relationships between lead paint surface loading and daily lead intake,
thfgff require "*»n«*> iimimr**0*** tbom IMBCT "«*••*«*•«" relationships, such
as the 'area' of surface ingested the child, or the thickness of the paint
rhtn and the rfdgfiflquliifi bctWeCQ Ifi4 WJWHJtHllHlM ***** lead Ip^dfag'

We win describe tone relationships, but we believe that they do not yet
have an adequate flfpiiinl ^tit

(3) Paint drip* are, by definition, discrete units. Even if paints chips are at
least one •"««•••*•• in diameter, or even larger, they may not be
completely dissolved in the stomach or completely absorbed in the
intrsrinrs Observations of child fecal samples sometimes find discrete
paint chips. Radio-opaque samples in stool may be lead or some mixture
of lead with other heavy metals such as barium or chromium commonly
found in leaded paint pigments.
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(4) Lead paint absorption by rats has been found to depend significantly on
panicle size and chemical speciation of paint panicles. Many chemical
species are found in lead-based paint, most often including lead octoate
(as a dryer), lead carbonate, and lead chromate. The sequence of
absorption or bioavailabiliry is probably

carbonate _>. octoate > chromate

based on rodent studies (Barltrop and Meek, 1979). White the ranking is
probably similar in human children and other primates , direct evidence is
limited to baboons (Cohen, 1975; Mallon, 1983). Studies are currently in
progress using miniature swine as closely analogous models of human
gastro-intestinal absorption of nutrients and contaminants, but results on
absorption of lead from actual lead paints have not yet been reported.
It is clear in any case that ***imaw« of lead bioavailability in paints may
require a much more complete site-specific characterization by panicle
size and chemical speciation than does soil.

4.7.2 Daily Intake of Faint Chips

The American Academy of Pediatrics (1972) has used a provisional estimate of one
square inch (6.25 cm2) of paint surface ingested per day. This appears to be a nominal value
for purposes of risk estimation, and no empirical basis for this value has been provided.
They cite evidence that 1 cm2 of one layer of interior paint may weigh 5.0 to 8.2 mg
(avenge 6.5 mg), and that aix layers of paint weighed 37.0 to 40.6 mg (avenge 38.8).
Thus, using data that may npnaent Providence 81 in 1972, where six layers of paint were
typical, ingestion of 6.25 cm2 of painted surface through a single painted layer would
correspond to 40.6 ing/day faatake, and a duck chip containing six layers would avenge
233 mg/d paint chip intake. Bran if the ingested paint chips wen square-inch mooolayers
with one percent lead, the daily lead intake would be 400 ug Pb/d. We cannot provide .,
realistic estimate of the uncertainty of this estimate, ft is likely that there is some correlation
between the size, •h*"'"fTf. and lead content of ingested paint chips, since addkkMul k-d is
reported to add a sweet am to the chips that may appeal to a child with pica for lead paint
chips.

These estimates were also cited in a report by die National Academy of Sciences
(NAS, 1973) to die Consumer Product Safety Commission (CPSC). They concluded that the
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quantitative evidence was inadequate "to promulgate a standard based on knowledge of the
essential quantitative relations that link the lead content of paint to symptoms of intoxication
However, this is not unusual in public-health practice. Many useful standards have been
established by informed people who make judgments based on whatever facts are available"
(NAS, 1973, pp. 25-26).

In view of the lower quality of information on paint chip intake than on intake of soil
and dust, diet, and drinking water, and the usefulness of providing baseline risk assessments
in the absence of lead-based paint, we have used a default value of 0 pg/dL in the model.

4.7.3 Relationship of XRF Lead Paint Surface Loading to Lead Paint
Concentration

The estimate of lead intake from paint chip ingestion depends on a lead concentration
for the ingested chips. However, this is not available in field samples without removing a
piece of paint from the wall or trim. Therefore, the use of Don-destructive field sampling
methods such as portable XRF analyzers has become the common method for determining
paint hazard. We can calculate

lead concentration (pg/g) * 0.001 Gtg/mg) * lead loading (mg/cm2) /

thickness of paint (cm) * paint density (g/cm3).

Calculations from the EPA Lead Reference Materials Workshop (EPA 1991) assuming a
seven-layer thickness of paint (40 mil » 1 mm) and a density of 2 g/cm3 calculates
5,000 Mg/g equivalent to 1 mg/cm2. This is reasonably concordant with some analyses of
measurements of paint loading and concentration dttt we had calculated from data in the
Boston Brigham and Women's Hospital Longitudinal Lead Study. However, this relationship
is likely to vary so greatly from boose to house that we cannot mctmmmA its use without
site-specific verification.

4.7.4 Dissolution of Paint Chips in Add Environments

Not all of the lead in a large lead paint chip may be available for absorption. Roberts
et al. (1974) report that "20 to 60 percent of the lead in surface soil was extractabte in
0.1N HC1 compared with less than 10 percent extractabte from paint samples.* Particle
dissolution is a component of lead bioavailability.
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4.7.5 Absorption of Lead Paint In Vivo

The absorption of lead-based paint particles by rats is described in (Barltrop and Meek
1979). They conclude that "The physical form of particles derived from paint film would
seem to modify the availability of Pb compounds contained in them for absorption. Little is
known of the physical or chemical changes which paint flakes undergo after ingestion,
although it is known that some paint flakes remain relatively intact when swallowed by a
child and may be observed ladiogiaphically in the gut lumen, or on inspection of feces.
In spite of this, sufficient absorption of Pb resulting in childhood poisoning is known to
occur, and in many cases the infested flakes become too finely divided to be visible
macroscopicdly. Thus the composition of the paint and the chemical nature of the added Pb
compounds may determine its stability in the gut and hence the availability of Pb for
absorption. Long-term feeding of paint flakes identical to those used in this work, but of
larger size (500 to 1,000 microns) have been reported to result in minimal absorption by the
rat (Barltrop and Meek, 1975)."

Table 4-4 summarizes their results. Lead absorption can be characterized by the
difference in blood lead levels between exposed and control rats. The increase in blood lead
for rats fed lead octane in particles between 500 and 1,000 microns diameter is about
60 percent of the absorption of lead octoate particles < 50 microns, and absorption of lead
chromate paint in particles of 500 to 1,000 microns is about 45 percent of the absorption of
lead chromate paint in particles of 500 to 1,000 microns. For particles <50 microns, the
increase in blood lead for lead octoate particles is about 60 percent of the increase from lead
acetate. It is not clear how these results can be used quantitatively for humans to determine
absolute or relative bioavaflabflity of LBP.

Juvenile and infant Nfrooni were exposed to oral intakes of lead salts and prepared lead
paint samples from New Yoric Ckjr (Mallon, 1983). The lead salts and paint samples were
fed in gelatin capsules to sedated baboons. The relative bioavailability could be estimated
from differences in the steady-state blood lead levels achieved after 5 or 6 months of chronic
exposure. These are shown m Tables 4-5 and 4-6. The increase in blood lead in infant
baboons (age 6 months at the sort of the study) was 23 Mg/dL (no s.e.) for 2 baboons
exposed to lead acetate and 6.125 pf/dL for 8 baboons exposed to New York city paint at a
controlled dose of 100 pf/kg/day (roughly 250 to 350 Ml/day in baboons who grew from
2.5 to 3.5 kg body weight). At higher doses, the increases in blood lead were clearly
nonlinear with respect to dose rate. In juvenile baboons (ages 20-24 months at the beginning
of the study) the increase in Wood kid was 11.7 Mf/dL (no i.e.) for 2 baboons exposed to
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TABLE 4-4. PERCENTAGE INCREASE IN BLOOD LEAD LEVELS IN INFANT
MALE WISTAR RATS WITH 48-HOUR ORAL EXPOSURE TO LEAD ACETATE

AND TO LEAD OCTOATE AND LEAD CHROMATE PAINTS OF DIFFERENT
PARTICLE SIZES

Paint Gup
Size (mm)

0.5-1

<0.05
0.5-1
<0.05

Lead
CONTROL
ACETATE
OCTOATE PAINT

OCTOATE PAINT
CHROMATE PAINT
CHROMATE PAINT

Doea Rate
Mfkf/d

0
330001

330001

330001

330001

330001

Blood Lead
(S.E) Mf/dL

S.1 (1.9)
38.3 (4.0)
19.3 (3.7)

27.2(4.0)
14.5 (3.2)
22.8 (2.2)

Blood Lead -
Control pg/dL

30.2 (4.4)
11.2(4.2)

19.1(4.4)
6.4 (3.7)
14.7 (1.9)

Percent of
PbAc

37.1

63.2
21.1
48.7

'Calculated u 0.02% >Md in diet, per 31 to 33 f diet in 48 h. per 96 f body weight (nog* 90 to 103

Source: Adapted from Barltrop and Meek (1979).

TABLE 4-5. PERCENTAGE INCREASE IN BLOOD LEAD LEVELS IN INFANT
BAJOCNS WITH CHRONIC EXPOSURE TO LEAD PAINT, LEAD ACETATE, AND

OTHER LEAD COMPOUNDS

Age

5-6 mo

Land

CONTROL
ACETATE
ACETATE

ACETATE
CARBONATE

OCTOATE
PAINT

DoaeRate

0
100
200

1000

1000

100
too

Blood Lead (N)

9 (1)

32 (2)

42 (2)

72 (I)
69 (1)

90 (1)

15.12(1)

Blood Itwf -
Ctrl. jtg/dL

-
23

33

63
60

81

6.12

Percent of
PbAc

-

-

-

-

95.2

352

26.6

lead acetate and 33.7 pg/dL for 1 baboon exposed to lead octoate at 100 0f/kf/d, but only
3.7 pf/dL (oo s.e.) in 2 baboons exposed to New York city paint at a oontrolkd dose of
200 MC/kg/day. The increase in blood lead was 31.7 jt|/dL (no i.e.) for 2 baboons exposed
to lead acetate and 93.7 pf/dL for 1 baboon exposed to lead octoate at 500 Mfl/k|/d, but only
12.7 Mf/dL in 2 baboons exposed to New York city paint at a controlled dose of
500 Mf/kf/day. Therefore, the bioavtilability of lead in actual paint sample* was at most
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TABLE 4-6. PERCENTAGE INCREASE IN BLOOD LEAD LEVELS IN JUVENILE
BABOONS WITH CHRONIC EXPOSURE TO LEAD PAINT, LEAD ACETATE AND

OTHER LEAD COMPOUNDS

Age

20-24 mo

Lead

CONTROL

ACETATE

ACETATE

OCTOATE
OCTOATE

PAINT

PAINT

Dote Rate
Mg/kg/d

0

100

500

100

500

TOO

500

Blood Lead (N)
Mg/dL

12.33 (3)

24 (2)

44 (2)

46 (1)

106(1)

16 (2)

25 (t)

Blood Lead -
Ctrl. Mg>dL

•

11.67

31.67

33.67

93.67

3.67

12.67

Percent of
PbAc

-

-

288.6

295.8

31.4'

40.0

'Calculated relative to 100 pf/k|/d lead acetate.

Source: Adapted rrom Mallon (19S3).

25 to 40 percent of the bioavailability of lead acetate administered during chronic exposure
studies at dose rates roughly comparable to those assumed in the American Academy of
Pediatrics report. The much higher relative bioavailability of the pure lead octoate
compound remains to be explained. The absolute bioavailability of lead acetate in diet
estimated by Mallon was estimated by Mallon was 24 percent at a dose rate of 12 Mg/kg/d,
8 percent at 100 pg/kg/d, and 6 percent at 200 Mg/kg/d in infant baboons; 12 percent at
12 ng/kg/d, 3 percent at 100 pf/kg/d, and 1 percent at 1,000 Mg/kg/d in juvenile baboons.
The estimates of absolute bioavailability of oral lead acetate developed by Marcus (1992)
using a saturable absorption •»•'*•"*«" to account for the bioavailability were higher, about
28 percent and 20 percent at dote rates that were much less man 200 pf/kg/day. The
bioavailability of theae kndtmnil paints must then be taken as less than 7 percent and
5 percent respectively. A detailed characterization of the chemical composition and size
distribution of the prepared paint samples would have been useful, but was not presented.
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5. APPLICATIONS WITH EXAMPLES

5.1 APPLICATIONS FOR POPULATION ESTIMATES

The purpose of this chapter is to provide concrete examples complete with explanations
that can guide the user through specific applications of the model. These examples are taken
in pan from past applications of the model, but they have been modified for the purposes of
illustration and do not represent any specific site or risk management decision. While the
user should find some guidance in these examples, they are not meant to be comprehensive
of all possible model applications, nor should they be generalized to any particular site.

EXAMPLES-1. Default Values

As stated earlier in this manual, the model can predict geometric mean blood lead
levels in a population of children with residential and neighborhood exposures, provided that
the distribution of environmental lead parameters is not widely dispersed. The following is
an example of a simple simulation using only default values.

From the main menu shown in Screen 2-1, enter "2* (Computation), then on the
Computation Menu enter "1" (Run). The results shown on the monitor display the average
of monthly geometric mean blood lead concentrations in one-year intervals, along with the
daily lead uptakes from each medium in fig Pb/day. These results are the geometric mean
blood lead conceatntioni aad lead uptakes within each one-year age interval, assuming
constant environmental lead concentrations from birth through each age interval. They can
be interpreted u irpnwimlin ™* results for a "typical" cmld in contact with these or similar
lead concentrations. See "••••P1* 5-4 for an extension of this example to risk estimation.

5.2 APPLICATIONS WHERE ENVIRONMENTAL LEAD
CONCENTRATIONS CHANGE OVER TIME

EXAMPLE 5-2. Reductions m Air and Dietary Lead Levels from 1975 to 1981 Decrtaa
Baaattne Blood Lead Concentration*

This example illustrates the estimation of historical exposures and baseline U.S. blood
lead concentrations from 1975 to 1981.
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The user should first enter the 1975 air lead levels from Figure 2-10.

•Diet: Then the user should enter the dietary lead values for the same time
period, as in Table 2-1. However, no dietary lead intake values for
children are shown for 197S to 1977. We estimated the 0-11 month
value for 197S as 80 percent of the 1-year value for the 1978 value,
that is 80 percent of 45.80 pg/d * 36.64 jig/d, since the 6-11 month
dietary lead intake values for 1982-1984 are about 80 percent of the
respective 1-year-old values. We then assumed that for a child bom
in 1975, the 1975 value was 36.64 Mg/d, tne 1976 value (age 1 year)
was the same as the 1978 1-year-old value of 45.80 pg/d, the
1977 value (age 2 years) was the same as the 1978 2-year-old value
of 52.90 jig/d, the 1978 value (age 3 yean) was 52.70 pg/d as in
Table 2-1, the 1979 value (age 4 yean) was 47.30 pg/d as in
Table 2-1, the 1980 value (age 5 yean) was 38.70 pg/d as in
Table 2-1. We assumed that the 1981 value (age 6 yean) was
110 percent of the 1981 value at age 5 yean or 110 percent of
35.80 Mg/d - 39.38 Mg/d, since the 1982-1984 6-year-old values are
about 10 percent larger than the respective 5-year-old intake values.
The input values for dietary lead intake are shown in Table 5-1.

•Water Water lead concentrations were kept at the default values.

•Soil: Adjustments should be made for lead in soil and household dust.
We assumed that soil toad levels, even in areas not heavily impacted
by automobik traffic, would have been somewhat larger in 1975 than
in 1981. In the absence of better information, we assumed that soil
lead concentrations consist of two components, a genuine baseline of
about 200 Mg/g which is the current default, and a small increment
from air lead deposition that adds about 100 Mf/f toil toad per
Hi/of air toad. This assumption impttn a relatively small
contribution of 10 pg/g to soil toad from current air toad levels ?f
0.1 Mf/m1. Thus the 1975 soil toad level is about 324 Mg/g. the
1976 level about 322 Ml/I, and so on, ai shown in Table 5-2.
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TABLE 5-1. USER-SELECTED ENTRIES FOR EEUBK MODEL WORKSHEET
FOR EXAMPLE 5-2, CHILD BORN IN 1975

PARAMETER DEFAULT
VALUE

USER
SELECTED

OPTION UNITS

DATA ENTRY FOR DIET (by year)
Dietary lead intake
Age =0-1 year (0-11 mo),

1-2 yean (12-23 mo)
2-3 years (24-35 mo)
3-4 years (36-17 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

5.53
5.78
6.49
6.24
6.01
6.34
7.00

36.64
45.80
52.90
52.70
47.30
38.70
39.38

Mg Pb /day

TABLE 5-2. USER-SELECTED ENTRIES FOR IEUBK MODEL WORKSHEET
FOR EXAMPLE 5-2, CHILD BORN IN 1975

PARAMETER DEFAULT
VALUE

USER
SELECTED

OPTION UNITS

DATA ENTRY FOR SOIL (by year)

Age -0-1 year (0-11 mo) (1975)
1-2 years (12-23 no) (1976)
2-3 yean (24-35 mo) (1977)
3-4 yean (3647 mo) (1978)
4-5 yean (48-59 mo) (1979)
5-6 yean (60-71 mo) (1980)
6-7 yean (72-84 mo) (1981)

0
0
0
0
0
0
0

324
122
320
310
290
256
247

MC/f
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The Multiple Source Analysis method for household dust should be
used, since soil lead and air lead levels are changing over time.
Since particles from leaded gasoline emission are believed to
contribute significantly to surface soil transported into the house
during these yean, we have assumed that the soil-to-dust coefficient
is 0.85 appropriate for this historical example, although the current
default is 0.70, and the air-to-dust coefficient is 100. This was
shown in Screen 2-10. These changes are reported to the user in the
main Data Entry Screen for Soil/Dust.

The model can be run by returning to the Computation Menu and using Option I, or by
pressing the FS key from any of the main media data entry screens. The results are shown
on the display. The results are reasonably consistent with the decrease in child blood lead
concentrations in the U.S. from about 15 pg/dL to 10 pg/dL found in the 1976-1980
NHANES n survey (U.S. Environmental Protection Agency, 1986). However, this exposure
scenario follows a single child bora in 1975 for six yean through 1981. Direct comparison
with NHANES n would require representative blood lead estimates for 1-year-olds in 1976,
2-year-olds in 1977, 3 year-olds in 1978 etc.

The importance of a worksheet in developing and documenting the exposure scenario
should be clear to the reader. The worksheets for this example are shown in Tables 5-1 and
5-2. Since the exposure scenario here is for a typical urban child and is not specific to a site
or neighborhood, the user should not try to extend these results for risk estimation purposes
without incorporating intenndividual variability and site-specific information concerning
exposure variability.

The IEUBK model is a bioldnetic model, and therefore has the ability to estimate
changes in blood lead in response to yearly changes in environmental lead exposure for
children of different age«. The following examples am presented to encourage the user to
explore some of the IEUBK model's capabilities for evaluuJig age-dependent changes in lead
exposure when this exposure changes over time.

EXAMPLE 5-3. Enmpk for Children Moving From a Lower to a Hlfhar Soil Lead
Concentration

This example demonstrates the effects of change from a constant environmental lead
concentration to a higher constant environmental lead concentration. Assume that a child
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moved into a housing unit with a soil lead concentration of about 2000 >*g/g, from a previous
housing unit with a soil lead concentration of about 100 pg/g. Assume also that soil is a
significant source of dust in household dust, and that the soil lead contribution to household
dust lead is 70 percent of the soil lead concentration. The user can assess the maximum
effect of new exposure to elevated soil lead (e.g., moving into a new residence). This
assessment is for children of different ages, in an ordered sequence of runs. This sequence
studies the effects of new exposure at later ages.

The work sheet for this example is similar to the segment shown in Table 5-2. In fact,
a sequence of work sheets is needed to study the effects of moving at different ages. There
are two variables to be considered here. The first variable is the age of the child, which is
used in the IEUBK Model calculations, and is entered as the left-hand column of the work
sheets. The second variable is the age at which the child moves into the new exposure
environment. Thus, in Table 5-3(a), if the child moves at age 0 yean, the child is exposed
to 2000 fig/g lead in soil and 1400 pg/g lead in dust derived from soil from birth through age
6 years. However, if the child moves at age one year, the correct work sheet is shown in
Table 5-3(b). In the work sheet in Table 5-3(b), the child is exposed to 100 pg/g lead in soil
and 70 pg/g lead in household dust at age zero yean, but to 2000 pg/g lead in soil and
1400 pg/g lead in dust from soil at ages 1 through 6 yean. Similarly, if the child moves at
age two yean, the correct work sheet is shown in Table 5-3(c). In the work sheet in
Table S-3(c), the child is exposed to 100 pg/g lead in soil and 70 pg/g lead in household dust
at ages 0 and 1 yean, but to 2000 pg/g lead in soil and 1400 pg/g lead in dust from soil at
ages 2 through 6 yean.

The worksheets for Tables 5-3(a-c) are combined and shown as columns 2 to 4 in
Table 5-3(d). The last 4 commits in Table 5-3(d) summarize the soil lead work sheet entries
if the hypothetical child moves at ages 3, 4, 5, or 6 yean respectively. For example, in the
extreme right-hand comma, if the child moves at age 6 yean, he or she is exposed to
100 Mg/g le»d in soil from birm through age 5 yean, then to 2000 pg/g at age 6 yean.

The IEUBK Model simulation for this example is run 7 times, each run corresponding
to a column in Table 5-3(d) or to a work sheet 5-3(a-c) or analogous work sheets fcr older
children. The results, as amnal avenges of predicted geometric mean blood lead
concentration, are shown in Table 5-4 in exactly the same order as in Table 5-3(d).
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TABLE 5-3a. SOIL LEAD DATA ENTRY WORKSHEET
FOR CHILD EXPOSED TO 2000 Ml/1 SINCE AGE 0 (BIRTH)

PARAMETER
DEFAULT

VALUE

USER
SELECTED

OPTION UNITS

DATA ENTRY FOR SOIL (by year)
Soil lead concentration
Age * 0-1 year (0-11 mo)

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

0
0
0
0
0
0
0

2000
2000
2000
2000
2000
2000
2000

Mg/g

TABLES-35. SOIL LEAD DATA ENTRY WORKSHEET
FOR CHILD EXPOSED TO 24100 jif/f SINCE AGE 1

PARAMETER
DEFAULT

VALUE

USER
SELECTED

OPTION UNITS

DATA ENTRY FOR SOIL (by year)
<•__:< i_~j - - - - - - - - -t_isou leao cumin unoo
A|e - 0-1 year (0-11 mo)

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

0
0
0
0
0
0
0

100
2000
2000
2000
2000
2000
2000

Mg/g
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TABLE 5-3c. SOIL LEAD DATA ENTRY WORKSHEET
FOR CHILD EXPOSED TO 2000 pg/g SINCE AGE 2

PARAMETER
DEFAULT

VALUE

USER
SELECTED

OPTION [ UNITS

DATA ENTRY FOR SOIL (by year)
Soil lead concentration
Age = 0-1 year (0-11 mo)

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

0
0
0
0
0
0
0

100
100

2000
2000
2000
2000
2000

Mg/g

TABLE 5-3d. WORKSHEET FOR YEARLY SOIL LEAD CONCENTRATION
FOR HYPOTHETICAL CHILDREN MOVING FROM A RESIDENCE

WHERE SOIL CONCENTRATION IS 100 nil TO A RESIDENCE
WHERE SOIL CONCENTRATION IS 2000 ,

AGE OF
CHILD
(YEARS)

0

1

2

3

4

5

6

AOfi AT TIME OF NEW EXPOSURE (YEARS)

0

2000
MOO

3000

20QP

3000

3000

2000

1

100
3000

3000

3000

2000

3000

3000

2

100

100

3000

2000

2000

2000

2000

3

100
100

100

2000

2000

2000

2000

4

100

100

too
100

2000

2000

2000

s
100

100

100

100

100

2000

2000

6

100

too
100

100

100

100

2000
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TABLES-4. PREDICTED ANNUAL AVERAGE BLOOD LEAD
CONCENTRATIONS Ug/dL) FOR HYPOTHETICAL CHILDREN

MOVING FROM A RESIDENCE WHERE SOIL CONCENTRATION IS
100 ng/i TO A RESIDENCE WHERE SOIL CONCENTRATION IS 2000

AGE OF
CHILD
(YEARS)

0

1

2

3

4

5

6

AGE AT TIME OF NEW EXPOSURE (YEARS)

0

16.2

18.6

17.7

17.3

14.7

12.6

11.3

1

2.8

16.3

17.7

17.3

14.7

12.6

11.3

2

2.8

3.0

14.5

17.2

14.7

12.6

11.3

3

2.8

30

2.S

13.5

14.5

12.6

11.3

4

2.8

3.0

2.8

2.6

10.2

12.2

11.2

5

2.8

3.0

2.8

2.6

2.3

8.6

10.8

6

2 8

30

2.8

2.6

2.3

2.1

7.5

The changes in exposure scenario are made by first using the parameter selection menu
(Option T on the Main Menu), Option "4" on the parameter selection menu, and then
entering selection "2" in the soil concenttation box of the Soil/Dust menu. This allows the
entry of separate values for soil lead exposure concentration at each age. The default value
of 200 pg/g for each age may be replaced by 100 or by 2000, u indicated by the scenaho on
the work sheet. When finished, the user must return to the Soil/Dust menu. In order to
change the dust lead exposure from the default, a constant 200 Ml/I, the user must move the
cursor down to the dust kad entry box in the Soil/Dust Menu and enter selection "3", the
multiple source menu. The default soil-to-dust coefficient of 0.70 is activated by entering the
Multiple Source Menu, and may be changed u needed. We win not modify either the soil-
to-dust coefficient of 0.7, nor die air-to-dust coefficient of 100 pg/g per n/v?. The
complete iapat file may be aavea by returning to the Soil/Dust Menu and using the F6 key.
The model nay then be ran by using the FS key.

The results of the seven runs are shown in Table 5-4, which is analogous to
Table 5-3(d). The second column shows blood lead concentrations for a typical child
exposed to 2000 pg/g lead in soil since birth. The peak blood kad concentration of
18.6 Mg/dL is reached at age one year. If the initial exposure to 2000 pg/g occurs later, the
peak blood lead concentration is lower.
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Most of the blood lead response to a change in exposure or a change in environmental
lead concentration occurs in the first 3 months after the change. The change in blood lead
during the first three months after changing exposure is at least 50 to 60 percent of the total
difference in quasi-state-state blood lead concentration before and after the change. The
remaining difference will slowly decrease during the next 2 yean. We thus suggest that
cross-sectional blood lead studies or baseline blood lead concentrations measured in
longitudinal studies require that all children shall have lived at their present address for at
least 3 to 6 months prior to the blood lead sample.

EXAMPLE 5-4. Example for Children in a Residence Where the Soil Etas Been Abated

This sequence of runs considers soil lead exposure decreased from 2000 to 100 ng/g,
and the soil contribution to dust decreased from 1400 to 70 pg/g, at ages 0 (i.e. constant
exposure without soil and dust lead after birth), at age 1, age 2,«and so on. This assessment
studies the effects of abatement on children at different ages. The entries for this example
are similar to those of Example 5-3. The summary of seven data entry worksheets is shown
in Table 5-5(d), and die results are shown in Table 5-6.

TABLE 5-5*. SOIL LEAD DATA ENTRY WORKSHEET
FOR CHILD WITH SOIL ABATED TO 100 *g/g SINCE AGE 0 (BERTH)

PARAMETER
DEFAULT

VALUE

USER
SELECTED

OPTION UNITS

DATA ENTRY FOR SOIL (by year)
Soil lead concentration
Age - 0-1 Tear (0-11 mo)

1-2 years (12-23 mo)
2-3 yean (24-35 mo)
3^ yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

0
0
0
0
0
0
0

100
100
100
100
100
100
100

Mg/g
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TABLE 5-5b. SOIL LEAD DATA ENTRY WORKSHEET
FOR CHILD WITH SOIL ABATED TO 100 pg/g SINCE AGE 1

PARAMETER
DEFAULT

VALUE

USER
SELECTED

OPTION UNITS

DATA ENTRY FOR SOIL (by yew)
Soil lead concentration
Age * 0-1 year (0-11 mo)

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

0
0
0
0
0
0
0

2000
100
100
100
100
100
100

Mg/g

TABLE 5-Sc. SOIL LEAD DATA ENTRY WORKSHEET
FOR CHILD WITH SOU, ABATED TO 100 «/f SINCE AGE 2

PARAMETER
DEFAULT

VALUE

USER
SELECTED

OPTION UNITS

DATA ENTRY FOR SOIL (by year)
Soil lead ooaceatntkm
Age » 0-1 year (0-11 mo)

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

0
0
0
0
0
0
0

2000
2000
100
100
100
100
100

Ml/I
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TABLE 5-5d. WORKSHEET FOR HYPOTHETICAL CHILDREN IN \
NEIGHBORHOOD WHERE SOIL CONCENTRATION IS REDUCED FROM

2000 Mg/g TO 100 Mg/g
AGE OF
CHILD
(YEARS)

0

1

2

3

4

5

6

AGE AT TIME OF ABATEMENT (YEARS)

0

100

100

100

100

too
100

100

1
2000

100

100

100

100

100

100

2

2000

2000

100

100

100

100

100

3

2000

2000

2000

100

100

100

100

4

2000

2000

2000

2000

100

100

100

5

2000

2000

2000

2000

2000

100

too

6

MOO

2000

:ooo
2000

2000

2000

100

TABLE 5-6. PREDICTED BLOOD LEAD CONCENTRATIONS G*g/dL) FOR
HYPOTHETICAL CHILDREN IN A NEIGHBORHOOD WHERE SOIL

CONCENTRATION IS REDUCED FROM 2000 pg/g TO 100
AGE OF
CHILD
(YEARS)

0

1

2

3

4

5

6

AGE AT TIME OF ABATEMENT (YEARS)

0

2.8

3.0

2.8

2.6

2.3

2.1

1.9

1

16.2

5.4

2.8

2.6

ta-
li
1.9

2

16.2

18.6

6.1

2.7

2.3

2.1

1.9

3

16.2

18.6

17.7

6.6

15

2.1
1.9

4

16.2

18.6

17.7

17.3

6.9

2.55

2.0

5

16.2

18.6

17.7

17.3

14.7

6.2

2.4

6

t6.:
186

17.7

17.3

14.7

12.6

5 8

A sequence of woric sheets is needed to study the effects of abatement at different ages
The two variables to be considered here are the child's age, which is a variable used in the
IEUBK Model "mlatfrm. and the age of the child when the abatement was earned out,
which is different for each run in the sequence of 7 runs. In Table 5-5(a), if the soil is
abated at age 0 yean, the child is exposed to 100 Mg/g te*4 in soil and 70 Mg/g lead in dust
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derived from soil from birth through age 6 years. However, if the soil is abated at age one
year, the correct work sheet is shown in Table 5-5(b). In the work sheet in Table 5-50)). the
child is exposed to 2000 Mg/g lead in soil and 1400 Mg/g lead in household dust at age zero
years, but to 2000 Mg/g lead in soil and 1400 Mg/g lead in dust from soil at ages 1 through
6 years. Similarly, if the soil is abated at age two years, the correct work sheet is shown in
Table 5-5(c). In the work sheet in Table 5-5(c), the child is exposed to 2000 Mg/g lead in
soil and 1400 Mg/g lead in household dust at ages 0 and 1 yean, but to 100 Mg/g lead in soU
and 70 Mg/g lead in dust from soil at ages 2 through 6 yean.

The worksheets for Tables 5-5(a-c) are combined and shown as columns 2 to 4 in
Table 5-5(d). The last 4 columns in Table 5-5(d) summarize the soil lead work sheet entries
for a hypothetical child if the soil is abated at ages 3, 4, 5, or 6 yean respectively. For
example, in the extreme right-hand cobnut, if the toil it abated at afe 6 yean, he or she is
exposed to 2000 Mg/g lead in soil from birth through age 5 yean, then to 100 Mg/g at age
6 years.

The IEUBK Model simulation for this example is run 7 times, each run corresponding
to a column in Table 5-5(d) or to a work sheet 5-5(a-c) or analogous work sheets for older
children. The results, as annual averages of predicted geometric mean blood lead
concentration, are shown in Table 5-6 in exactly the same order as in Table 5-S(d).

Abatement at age 1 reduces blood lead from 16.2 to 5.4 Mg/dL in the fust year after
abatement, a reduction of 10.8 Mg/dL or 66.7 percent. The effect at age 2 is a reduction
from 18.6 to 6.1 Mg/dL, that is 12.5 Mg/dL or 67.7 percent. Abatement at age 5 has a
reduction of 8.5 Mg/dL or 57.8 percent in the first year. & should be noted that blood lead
concentrations do not reach the post-abatement quasi-steady state level until two years after
the abatement, so that the apparent reduction in blood lead concentutioo in the first year
after abatement will ifiHffBHimstf the effectiveness

EXAMPLE 5-5. Historical Exposure Reconstruction for Sofl and Dust Lead
Concentration and Dietary Lead Intake Around an Unused Lead

One of the issues that arose in developing validation case studies for the IEUBK model
is that many of the earlier data sett were colkctad at sites where background lead exposure
differed greatly from current default values, and when both background exposure and
soil/dust exposure were changing fN^irtafly during the lifetime of the children in the blood
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lead study. It was therefore necessary to construct an historical exposure scenario for the
children in the blood lead study. The exposure reconstruction for the 1983 East Helena
blood lead study was discussed in the initial validation of the UBK model (U.S.
Environmental Protection Agency 1989). In this example, we will discuss the more
complicated exposure situation for the 1983 companion study in the Silver Valley of Idaho.
We rely heavily on the initial report on Kellogg Revisited (Panhandle District Health
Department 1986), the Human Health Risk Assessment (Jacobs Engineering, 1989, for US
EPA Region X), the Risk Assessment Data Evaluation Repon (US EPA 1990), the House
Dust Remediation Repon (CH2M Hill 1991 for the Idaho Dept. of Health), the Record of
Decision for the Bunker Hill site (U.S. Environmental Protection Agency 1991), and
personal communications with Dr. lan Von Lindern of Terngnphks Inc. (1992-1993).

The narrow east- west Silver Valley was divided initially into three residential areas,
Area 1 (Smelterville) about 1.2 to 1.5 km northwest of the smelter complex, Area 2
(Kellogg) about 2.6 to 3.3 km east of the smelter complex, and Area 3 (Pinehurst) about
6 km west of the smelter complex. In subsequent studies this area was extended and
subdivided into 5 to 1 1 areas or zones. A list of zones and distances is attached as
Table 5-7. The main distinction is that the Page neighborhood which is only 3 km west of
the smelter complex has been distinguished from Pinehurst, and that the Wanfner
neighborhood about 3 km southeast of the smelter complex has been separated from the
Kellogg community. The five areas currently defined are closer in size and population to the
"neighborhoods" recommended in Chapter 4.

Silver Valley has a complicated history of lead exposure, i«diirfinf significantly
elevated air and dust lead expoMires in 1974 and 1975, and a cessation of lead smelting
activities after December 1991. Therefore, the exposure history reconstruction in
Table 5-8 is a mixture of observed values and interpolated values. The observed values were
sometimes fpoofftfd aa geoaMttic •«*••« y< sometime* as arithmetic «•••••_ and as
or interpolation* enclosed in buckets. The basis for the dust lead interpolation was not
described in more detail in (Jacob* Engineering 1989). The soil lead concentrations were
held at the but measured value until a new observed value had been achieved.

Soil and dust lead concentrations were only observed in 1974, 1975, 1983, and 1986-
1988. Dust lead concentrations have also been observed in these «nJinimi*iHa« since 1990.
There are alternatives to *•**""**"§ neighborhood soil and dust lead concentrations between
actual observations, such as by linear interpolation, that may provide somewhat different
estimates than the interpolations used in the h«"Mn risk aitfJtfTf* study.

5-13



TABLE 5-7. NEIGHBORHOOD IDENTIFIERS AND DISTANCE FROM STACK
FOR KELLOGG, ID, STUDY

ZONE

A

B

C

D

E

F

G

H

I

J

K

APPROXIMATE DISTANCE
FROM ZONE CENTER TO

Pb SMELTER STACK
(Km)

1.50

1.15

2.75

3.25

2.60

3.30

3.00

5.70

3.30

DESCRIPTION

SBtltervilk, south of old Highway 1 10 ud west of C
street

Smterville. M* of C (treat

Kellou. north of 1-90 and wwt of Hill ttraet

KeUogj, north of 1-90 and eat of Hill street

Keilotf . south of 1-90 ad we« of Division street

Koilofj. •ou& of 1-90 end e«jt of Division street

WwdMT

PfaMhunt
PM.
Sawllwville. (1974-75 only)

KeUou/Pite. (1974-75 (only)

An alternative assumption is that soil and dust lead lions decreased linearly
between 1983 and 1986-1988. Thus, in Smeltervilk the decline in soil lead was 3047 -
2685 * 362 Mf/f in 4 yean, or 90 Mf/f per year, whereas in KeUogg it was 2584 -
1988 « 596 Mf/f in 4 yean, or about 150 Mf/f per year. The dust kad concentrations in
Smelterville decreased by 3715 - 1203 - 2512 Mf/f in 5 yean, or about 250 Mf/f per year,
whereas the dust kad concentration in KeQogg decreased by 2366 -1450 - 916 Mf/f in
5 yean or about 230 Mf/f per year. However, die dust kad concentrations in 1990-1992
were still elevated above the Pinehurst concentration. It would be prudent to assume that the
dust lead concentration was relatively constant for much of the period around and after 198o.
By implication, since soil lead and air kad are sources for dust kad, one might assume that
the soil lead and air lead concentrations for 1988-1992 are relatively constant at 'h- '088
values.

The soil and dust kad values for a KeUogf child bom in 1983, assuming a linear
decrease of 150 Mf/f in soil kad from 2584 Mf/f and a hnear decrease of 230 Mf/f in dust
lead from 2366 Mf/f. " shewn on die worksheet in Tabk 5-9. In this exampk we have
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TABLE 5-«. OBSERVED AND ESTIMATED AD*, SOIL,
CONCENTRATIONS FOR USE IN HISTORICAL EXPOSURE

IN SILVER VALLEY COMMUNITIES

AND DUST LEAD
RECONSTRUCTIONS

YEAR

197]

1972

1973

1974

1975

1976
1977

1978
1979

1980

1981

1982

1983
1984

1985

1986
1987

1988
1989

1990

1991
1997

SMELTERVTLLE
PbA':

5.7

11.2
16.5

14.3
8.9

9.8

9.1
5.4
6.6

6.2
4.6

0.88

0.20

0.12
0.19
0.30

0.36

0.36

PbS'1

[6141]

[6141]

[6141]

6141

3991

[3991]
[3991]
[3991]
[3991]

[3991]
13991]

[3991]

3047
[30471

[30471

[3047]

26SS
[26851

PbD"
[3530]
[6620]

[12500]
10583
3533

[6030]
[5670]
[3530]
[4020]
P7W]
[21301
[37151
[3715
[3715]
[3715]
[3715J

1203'

1S5S*
!4M»
9W»

PbA':

8.2
9.6

15.0
14.0

7.4

7.5

6.8
5.4

5.9

5.9
4.1

0.28

0.19

0.12
0.13
0.19
0.17

0.11

KELLOGG
PbS'-:

2514

2586

2584

1988

PbD1J

6581
4573

~

2366
r

1450-

1930*
1502*
1227*

HNEHURST
PbA

[6.1]
[6-1]

(6-1)
6.1

3.1

3.4

3.6
2.7
3.1

2.2
1.2

0.16
0.14

0.09

0.10
0.10
O.OS
0.08

PbS

765
508

472

PbD

2006

1749

1155

1022'
1068'
9441

Dtti SoufCM:
1. Jacobs EofbMriac ( '9) tat dtta tefen 1989. Tibta 4-5, 4-7, 4-13. PbA

maun of tad in «ir (*«/nO. M Md PbD vsluH not in bndutt m f*omrtric
durt OH/j).

2. J«cob§ EojiiiMria* (1919) for d^Bb^bn 1989. PbS «ad PM> vduH ia bndcM
Rgun 4-16.

3. I. VOB UadOT. pmoMl [[•••iiillni Arithn»tic OMM of da
4. RMoid of Dwisioa, 1991. Tabta 5-1. 5-t.

tn witfamMk
M of l«d • toil ud

from
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TABLE 5-9. USER-SELECTED ENTRIES FOR IEUBK MODEL WORKSHEET
FOR EXAMPLE 5-5, CHILD BORN IN KELLOGG. IDAHO, IN 1983

PARAMETER YEAR
DEFAULT

VALUE
USER SELECTED

OPTION UNITS

DATA ENTRY FOR SOIL (by year)

Soil lead concentration
Age - 0-1 year (0-11 mo)

1-2 yean (12-23 mo)
2-3 ycj-. (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

1983
1984
1985
1986
1987
1988
1989

0
0
0
0
0
0
0

2,584
2,434
2.284
2.134
1,984
1,834
1.834

"ft/g

DATA ENTRY FOR DUST (by year)
Duit lead concentration
Age * 0-1 year (0-11 mo)

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

1983
1984
1985
1986
1987
1988
1989

0
0
0
0
0
0
0

2.366
2.136
1.906
1.676
1.446
1,446
1.446

Mg/g

treated soil and dust kad concentrations as typical values for the community. Model results
for the distribution of blood kad concentrations using these inputs would be expected to be
more narrow than seen in the actual community due to variability of exposure concentrations
within thg community.

The dietary lead inttke depends on the age of the child and on tue year of interest. For
a child born in 1983, the dietary lead intake data entry worksheet is shown in Tabk 5-10,
using data from Tabk 2-1. The two additional dietary exposure scenarios are for children
who consume only borne-grown vegetables, or only locally-caught flab. From Tabk 2-3 we
calculate a weighted average kad concentration of 5.5 pg/g for leafy and root vegetables
grown in Smeltervilk. The worksheet is shown in Tabk 5-11. From Tabk 2-4 we find a

5-16



TABLE 5-10. USER-SELECTED ENTRIES FOR ffiUBK MODEL WORKSHEET
FOR EXAMPLE 5-S, CHILD BORN IN SMELTERVILLE,

IN KELLOGG, IDAHO, IN 1983

PARAMETER
DEFAULT

VALUE
USER SELECTED

OPTION UNITS

DATA ENTRY FOR DIET (by year)
Dietary iead intake
Age * 0-1 year (0-11 mo).

1-2 yean (12-23 mo)
2-3 yean (24-35 mo)
3-4 yean (36-47 mo)
4-5 yean (48-59 mo)
5-6 yean (60-71 mo)
6-7 yean (72-84 mo)

5.53
5.78
6.49
6.24
6.01
6.34
7.00

14.42
22.67
12.34
9.08
6.01
6.34
7.00

Mg Pb /day

TABLE 5-11. USER-SELECTED ENTRIES FOR EEUBK MODEL WORKSHEET
FOR EXAMPLE 5-5

1
1 PARAMETER

DEFAULT
VALUE

USER SELECTED
OPTION UNIT:.,

DATA ENTRY FOR ALTERNATE DIET SOURCES (by food dim) 0
Concentration:

home-grown fhuta
home-grown vegetable*
ftih from flabiag

Percent of foot dean
bjome-grovm fhuni
i i«WI

fish from ftaUig

0
0
0
0

0
0
0
0

5.5
0.80

36
50

MgPb'g

%

lead coocentntion in locally caufht fish of 0.80 pg/f, over twice the national avenge level
at that time. The data entry for fish is shown in Table 5-11. The assumed percentages for
local vegetables and fish consumption are 36 and 5 percent, respectively.
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The results for elevated soil and dust lead plus baseline dietary lead intake show that if
locally-grown vegetables and fish are consumed in large amounts, there is a modest increase
in blood lead concentration at each age.

We will discuss blood lead estimation for this example in the validation studies that will
reported separately from this manual. We have included this example in the Guidance
Manual to give the reader some "real world* exposure scenarios and to confront the reader
with some of the choices that may need to be made in developing historical exposure
scenarios for blooa lead studies.

5.3 APPLICATIONS FOR PROBABILITY AND RISK ESTIMATION

EXAMPLES-6. Default Parameters

For the default parameters in Example 5-1, the estimated geometric mean blood lead
for children of ages 24 to 35 months is 4.2 pg/dL. The user may choose any other age
range. If the user next goes into Option 1 from the bottom menu, then "3" from Graphics
Selection Menu and selects age range 24-36 months (K), the log-normal probability density
should appear on screen. This plot can be printed on a user-specified printer. The user can
save the graphics file for additional review using the Multiple Runs Option M with just a
single run. No default parameters were changed, except for the GSD, which was changed to
1.42. With GSD * 1.42, there is an estimated 0.68 percent risk that a child with the default
exposure scenario win have a blood lead exceeding 10 jig/dL.

A useful alternative display is shown by selecting the Distribution Probability Percent
"2" among the plot options. This shows the risk of a blood lead afrrfdance for any possible
blood lead concentration from 0 to 16 pg/dL, not just the level of concern of 10 pg/dL, but
the line is too close to zero tc be visually distinctive above 12

EXAMPLES-?. SeadttvHy of Rhk Estimates to User-Sskrted Geometric Standard

One way to carry out sensitivity analyses is to carry out each simulation run
individually, but to collect the results for different parameters in cumulative output data sets.
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The IEUBK model does not currently offer options to do this for any parameters except
media concentrations that do not change with age during single simulation run. We will thus
fix all of the model parameters at default values, except for the GSD, which in this example
will cake values from 1.42 to 1.90. After running the model as in the preceding example,
we will select "6" in the Graphics Selection Menu. This allows the user to change both the
GSD and the blood lead level of concern, while leaving the geometric mean blood lead level
at the same value, here 4.2 pg/dL. The results for different GSD values are shown in
Table 5-12, for children of ages 24-35 mos.

TABLE 5-12. EFFECTS OF GSD ON THE PROBABILITY OF
10 pf/dL, USING ONLY DEFAULT EXPOSURE PARAMETERS,

FOR CHILDREN AGES 24 TO 35 MONTHS

GSD
1.42
1.50
1.60
1.70
1.80
1.90

Probability of Blood Lead > 10 Mg/dL
0.0068
0.0157
0.0324
0.0513
0.0696
0.0870

EXAMPLE 5-8. Effects of A* Und CooctntntioB on lUsk Estimates for Fixed Soil

In this example, we en vat Option "2" on the Computation Menu to assess the effects
of different dost lead levels for a fixed soil lead concentration. We wffl here assume a soil
lead concentration of 1,000 pg/g, and dust lead concentrations incretucnted in the Multiple
Runs Analysis. The soil lead concentration is not a default and must be reset to 1,000 Mg/f
in the Soil/Dust Data Entry Menu (4). We will use 7 levels of dust lead, from 0 to
1,500 fig/g by step* of 250 Mg/g. These should be changed in the Multiple Rons Analysis,
by entering sub-menus 1 (medium - dust), 2 (range set to 0-1500), and 4 (7 levels of dust,
results sent to graphics and results save flies). All of the other parameters are set to default
values except for a GSD of 1.70 to illustrate the effect of a larger GSD. Selection 3 runs the
models.
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Return to the Output Menu (3), select Plot (2), select Plot Overlay (Density), highlight
overlay file, select 24-36 months (K), and the plot will appear on the display. The results
are shown in Screen 5-1, which shows the probability density plots for a GSD of 1.70.
We are assuming maximum bioavailability (30%). With no lead in dust, the probability that
a 2-year-old will exceed 10 pg/dL is estimated as 25 percent. (Run 1), whereas with dust
lead concentration of 1,500 pg/g (1.5 times as large as the soil lead concentration) this
probability increases to 73 percent. We see that there is substantial sensitivity to the soil-to-
dust coefficient and to additional non-soil sources of dust lead in this example.

Screen 5-1. Multiple ran probability density (unction for soil lead * 1,000 jig/g, dust
land - 01» 1400 »f/g, by sup* of 250 tt/g (Rum 1 through 7) in

m *9 O«

The cumulative exceedance probability plots (selection 4 hi the Graphics Selection
Menu) are shown in Screen 5-2. These plots show a clear increase of risk with increasing
dust lead level at all blood lead levels of concern, and offer the user a visual display that
may help to separate the risk estimates for different dust lead levels.

In order to assess the relationship between geometric mean blood lead and dust lead
concentration, the user must set soil lead to 1000 in Option 4 of the Parameter Input Menu
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Screen 5-2. Multiple runs probability of ezceedance of blood lead levels for soil lead =
1,000 jig/g, dust Ued » 0 to 1,500 pg/g, by steps of 250 pg/g
(Runs 1 through 7) in Example 5-6.

and then go to Option "2" of the Computation Menu. In Option B, enter sub-menus 1
(medium * dust), 2 (range set to 0-1500), and 4 (7 levels of dust, results sent to graphics
and results save files). All of the other parameters are set to default values.
Selection 3 runs the models. The results may be plotted immediately, as shown in
Screen 5-3, or saved in a *.PBM file for later plotting. Note the slight nonlineariry as dust
lead levels exceed 1,000 pg/g, due to saturable absorption effects.

5.4 BATCH MODE INPUT AND STATISTICAL ANALYSES OF
OUTPUT

This section demonstrates the use of the batch mode analysis method with input data
that are typical of the data available to the user in most environmental lead field studies.
Assessment of goodness of fit of predicted and observed blood lead levels (when available)
requires a statistical analysis of the data using a variety of mathematical and graphical
techniques. Output data from the batch mode runs are in ASCH files that can be loaded into
almost any T^tittfc** analysis package or spreadsheet program that die user may want to use
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Screen 5-3. Relationship of predicted blood tad to dot tad in Enmpfe 5-6.

The IEUBK batch mode output files will require littte or no editing before being imponed
into other programs, unless the missing value code (—) is incompatible with the user's
package. We have provided a small special-purpose program called FBSTAT that can be
used after the batch mode output file is created, by exiting from the IEUBK model and
executing PBSTAT, or by Option *S* in the Batch Mode Menu. FBSTAT is provided as a
convenience for the user who may not have or wish to use other programs with the IEUBK
output file. The statistical and graphical methods in PBSTAT are demonstrated in the
following examples. Additional statistical analyses of the batch mode output data files are
not possible using PBSTAT, and must be done with other programs.

EXAMPLE S-f. Data Set for an Old Mining C«

The input data format for a batch mode input fite was described in Section 3.3. The
data input file for this example is shown in Table 3-2. This data set was produced by a
computer simulation and was edited into the format shown in Tabk 3-2. These are complete
data, i.e., there are no missing values for any of the variables.
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Let us suppose that these data represent the data for a sample cohort of children. all of
whom were 18 months old at the time of blood lead sampling in late October. Let us assume
chat the data were collected in the community of 'Mountain Pass*, an old historic town that
has been the site of active lead aiining, ore processing, and smelting operations for over
100 years. These operations stopped about 25 yean ago, and after a period of declining
population the town is once more growing as the center of newly developed tourist and
outdoor recreation activities. There is now considerable concern about the potential risk of
elevated lead concentrations in soil and in the interior dust of the older houses in Mountain
Pass. These children were recruited in the first phase of a long-term prospective study on
changes in blood lead concentration in Mountain Pass children during a proposed soil lead
abatement project.

The data set contains blood lead concentration in children, soil and dust lead
concentration in their houses, in four neighborhoods in Mountain Pass. Air lead
concentration were measured by a Total Suspended Partkulate (TSP) sampler about ten yean
ago and were found to be less than 0.2 pg/ai1, so have not been measured since then. First-
draw and partially flushed water lead samples were collected at each bouse, but have not yet

-been analyzed. Lead-based paint was measured by a portable X-Ray Fluorescence
Spectrophotometer (XRF), but there have been some concerns about the instrument
calibration during the unseasonably cold weather in which the measurements were made and
the site manager has decided not to use the XRF data until the XRF measurements can be
replicated next summer. (Even though this is only a hypothetical example, the reasons why
some data may not be available are real, and are all too likely to occur in any real field
study). The first model run done by the site manager used this data set "as is', with all of
the parameters set to their detail values in Table 3-1.

The batch mode run is made from Option 4 in the Computation Menu. The user must
identify the input data set, known here as EXAMPLB1.DAT. The user also has the option
of renaming the data set before running the batch mode analysis. If the user does not rename
the data set, then [nameJ.DAT input file results will be saved in data sets [name].TXT and
[name].ASC-inthis cue, BXAMPLB1.TXT and EXAMPLB1.ASC. The output data file
EXAMPLE1.TXT may be viewed from Option '2' of the Batch Mode Menu after 'he Hatch
run is completed.

Option "5" of the Batch Mode Menu, can be used to examine the differences between
observed and predicted blood kid levels using a variety of graphical and statistical
techniques. The user must leave die main IEUBK model in order to enter the statistical and
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graphical program PBSTAT. Selection 1 in the PBSTAT menu allows the user to load the
ASCII file denoted [nameJ.ASC. Selection 2 displays a screen full of statistical information
The information on this screen should be useful for many reports. The table includes the
geometric and arithmetic mean blood lead concentrations, as well as the 25th, 50th (median)
75th, and 90th percentiles of observed and predicted blood lead levels. This screen reports
paired-sample T-tests for the equality of geometric mean observed and predicted blood lead
levels in the neighborhood, which is a test of the equality of the mean logarithms (left side of
screen). Tests of the equality of the arithmetic mean blood lead concentration are shown on
the right-hand side. You should not expect that the statistical tests will report agreement
between observed and predicted values (see Section 1.1.5.3). These tests are used to help
diagnose problems.

The two-sample Kolmogorov-Smimov (denoted K-S) test of the equality of the two
distribution functions is also reported. This is based on a very simple statistic, the largest
absolute difference between the cumulative distribution of the observed blood lead levels and
the cumulative distribution function of the predicted values. We have knowingly violated the
assumption that these values are independent, thus the null hypothesis distribution will not
give valid significance levels. However, we have found that the K-S statistic, together with
the percentiles, provides valuable information about the kinds of discrepancies between the
neighborhood-scale blood lead distribution and the distribution of predicted blood lead
concentration.

Graphical comparisons of observed and predicted blood lead concentrations are very
helpful. If the user exits from the statistics screen and then uses Selection 3 in the PBSTAT
selection menu, for graphics and plots, there are a number of chokes. Option 1 in the
PBSTAT graphics selection menu allows plots of cumulative distribution functions, either
singly or combined. Either regular or log-transformed blood lead concentrations may be
plotted. The empirical cumulative distribution functions (CDF's) differ substantially.
Another useful graphical comparison is in Selection 4 of the Graphing Selection menu, 'box
and whisker* plots. The boxes show the quartiks of the distribution(s), and the whiskers
show the range of non-outlier blood lead concentrations. Outtien, by internal criteria, are
shown as isolated data points. Observed and predicted values are highly correlated in the
example, as shown by Graphing Selection choice 2. Many other plots may be generated by
use of Selection 3.

In this example the model has somewhat over-estimated the observed blood lead
concentrations. Any one of several factors could explain the difference between observed
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and predicted blood lead concentrations in these children. Are there adequate quaLtv
assurance data for both the blood lead and the environmental lead measurements and do thev
show satisfactory performance during the study? Because the narrative for this scenario
stated that blood lead concentrations were collected in late October, which was described as
'unseasonably cold", could the children have been spending much less time playing in soils

outside? If so, the blood lead data may reflect lower-than-average intake of soil recently, so
that the ingestion rates in the model, which are annual averages, are not representative of the
atypical conditions under which these blood lead data were collected. Were most of these
children placed in some sort of day-care facility? If so, then the children in the day-care
facilities could be analyzed as a separate group with appropriate lead concentration data for
the facilities O*her possibilities, such as lower bioavailability of soil lead at some houses or
in some neighborhoods, should be investigated. In any event, the answers to these questions
are going to be found in she-specific data about child behavior, exposure to soil and dust,
and on the chemical and physical properties of the soil and dust atone site, and not in funher

.manipulations of model parameters. An analysis of these data, with additional exposure data,
is presented as Example 5-11.

EXAMPLE 5-10. Batch Input Data Fife with Missing EnTtronnMntal Lead Data

Some environmental data in a data set may be missing because the samples were not
collected, were lost or damaged during transportation, storage, and sample preparation for
analysis, or were improperly coded and thus not recorded. In any case, die values for
missing data in an IEUBK model batch mode input file may be coded by an isolated decimal
point where the variable value would otherwise be placed. Examples are given in the data
sets EXAMPLE2.DAT and EXAMPLES.DAT provided on the program disk. Missing
values for water lead, air lead, and paint lead are automatically replaced by default values:
4 pg/L for water, 0.1 Mf/m* tor air, and 0 Mf/day for alternative sources. The imputation
method for soil and dost lead it different. If soil lead is missing, and dust lead is not
missing, then die missinf value of soil lead is set to the dust lead value. If dust lead is
missing, and soil lead is not missinf, then the missing value of dust lead is set to the soil
lead value. These cases may be used to estimate or predict blood lead levels. If both soil
and dust lead concentrations an missing, then no data are imputed and the blood lead
concentration is not calculated for dus child. The missinf values imputed by the model are
earmarked by an asterisk in the [nameJ.TXT output file. The user is responsible for defining
an appropriate data imputation process for any site-specific data set that has missing values.
The file along with any imputed data should be created before it is submitted to the Batch
Mode Option.
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One convenient method for imputation of missing dust lead levels is to invoke the
Multiple Source menu alternative for dust. The default values in this option (soil-to-dust
coefficient of 0.70, air lead contribution of 10 pg/g to house dust) produce a somewhat
different set of dust lead estimates and correspondingly different predicted blood lead
concentrations.

Note that missing values of blood lead do not affect the prediction of blood lead from
environmental lead data, provided that either a soil lead or a dust lead concentration is
present, or that the user has imputed values for soil and dust lead calculated by some other
method and inserted in place of the missing value.

EXAMPLE 5-11. Lead Exposure in an Old Mining Community Using She-Specific
Information About Ingestlon of Sod and Dust

Suppose that the site manager in Example 5*9 has obtained additional information about
the children in this sample, and finds that almost all of them have been enrolled in a day care
program in this community. Upon visiting the day care facility, the site manager observes
that the facility is modern, with easily cleanable floors, entrance surface* and window sills.
She or he observes that the facility appears to be cleaned often, and that the day care facility
operators are aware of the hazard of childhood exposure to lead in dust and are making
deliberate efforts to reduce the exposure. She or he also leans that most of the children's
parents are employed full-time, and that most of these children spend 8 to 10 hours per day
at the facility.

Is there now enough information to change the parameters of the OEUBK model so as to
possibly provide a closer description of the data? We would not recommend rerunning the
EEUBK Model without additional site-specific data. If predicted blood lead concentrations
tend to be somewhat larger dun those observed, any one or more of the following
possibilities could explain die discrepancy:

(i) Hie soil lead and dust lead concentrations at the day care center may be
much tower don die rosirtonrial lead confantririnns. so dat a rignifVant
part of the child's daily ingestion of soil and dust includes much less lead
than if the same quantity were ingested at home;

(ii) The quantity of soil and dust ingested may be smaller than expected
because the child spends a great deal of time away from the home in a
relatively clean environment, and frequently interacts with adult
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caretakers and with other children, thereby reducing both environmentaJ
and behavioral magnifiers of soil and dust ingestion;

(iii) The bioavailability of lead in soil and dust at home or elsewhere may be
lower than the default values used in the EEUBK Model;

(iv) The children in the sample may represent a non-typical sub-population
with respect to ingestion or absorption;

(v) There may be measurement errors in soil lead, dust lead, or blood lead,
possibly causing a systematic downward bias in lead measurements.

Any manipulation of the DsUBK Model that reduces lead uptake from a medium would
reduce the predicted blood lead concentration and improve the overall fit of the predicted
values to the observed value*. This does not prove that the manipulation is valid. Lead
uptake is the product of ingestion rate and absorption from the medium, so that achieving
goodness of fit to the observed values can never prove toe correctness of the manipulation of
parameters.

We would recommend that some additional site studies be carried out to evaluate these
possible causes. These studies include, in the same sequence (i-v):

(i) The soil lead, dust lead, and drinking water lead concentrations at the day
care center should be measured;

(ii) The amount of dost in both the residence units and the day care center
should be determined by measuring floor dust loadings;

(iii) Methods for ctafld recruitment should be evaluated for possible sampling
biases. Sodo-demofraphk factors that may affect soil and dust ingestion
should be imreetliitfld. including the role of parental awareness and
public infomution programs. Nutritional differences that may affect lead
bioavailibOky, such as deficiency or repleteness of calcium intake, should

. be determined where feasible;

(iv) Seasonal biases, biases in sampling locations and in timing of soil and
dust tampUag studies should be considered as possible measurement
errors. QA/QC data for analytical procedures for soil lead, dust lead,
blood lead and other media should be reviewed for possible errors,
instrument drift or other systematic biases.

For risk assessment applications, it may be preferable to use the default exposure
scenario for children who do not spend most of their waking day in a clean environment
outside the home. There is no guarantee that other children in this community will not be at
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higher risk than the children in the sample. We are not suggesting the use of conser-ative
assumptions about ingestion, but rather, the use of realistic assumptions about a plausible
alternative exposure scenario (for example, if the day care facility closes down and is not
replaced by a similar facility).

5.5 SOIL LEAD ABATEMENT EXAMPLES

Example 5-12. Use of the Multiple Runs Selection to Estimate Soil Lead Abatement
Target Levels when Household Dust is Also Allowed to Vary

One of the more frequent applications of the EEUBK model has been to help determine
soil lead concentrations for which abatement may be needed in order to reduce the likelihood
of exceeding a blood lead level of concern (LOG) to some user-defined risk of exceedance
(ROE) of the LOC at the site. These soil lead target concentrations are site-specific variables
and reflect to a greater or lesser degree all of the other parameters that determine childhood
blood lead levels after abatement. Effective soil lead abatement will often include household
dust abatement, both to remove historical reservoirs of contaminated household dust and to
help maintain lower household dust lead concentrations after soil abatement. In this
situation, the post-abatement environment must be characterized by a site-specific soil-to-dust
coefficient so that the soil tead target concentration is connected to a post-abatement dust lead
concentration using the Multiple Source Analysis in the Soil/Dust Data Entry Menu. In this
example, we will assume that all of the parameters in the model have been set to default
values, but even if the default selections in the Multiple Source Analysis for household dust
are invoked, they will not be activated without selecting the Multiple Source option. The
following steps are used to Umstnte soil target levels for a soil-to-dust coefficient of
0.70 and an air-to-dust coefficient of 100 pg Pb/g dust per pg Fb/m3 air.

1. From the Main Mean, use Option 1: Parameter Menu, men Option 4: Soil/Dust Data
Entry Mean, men lib down to Line 2 (Indoor Dust Pb) and use Option 3:. tultiple
Source Analysis.

2. The user may select the soil-to-dust coefficient other than 0.70 and the air-to-dust
coefficient other than 100, but even if the default values are used the user must enter this
menu and then Escape back to the Soil/Dust Entry Menu.
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3. Escape (exit) from the Soil/Dust Data Entry Menu to the Parameter Menu, then to the
Main Menu. Choose Option 2: Computation Menu, then Option 2: Multiple Runs. This
will put the user into the RANGE SELECTION MENU.

4. Set up a range-finding run by using Options 1, 2, and 4 in the Range Selection Menu.
In Option 1 (Media), choose Soil and return to the Range Selection Menu. In Option 2
ORange), choose Start » 0 (0 Mg/g soil lead) and End = 1500 (1500 >*g/g soil lead) and
return to the Range Selection Menu. In Option 4 (Output Choices), respond "Yes" to the
query "Send to Overlay File", respond "7" to the query "Number of Runs for Range".
This will produce output runs at 7 equally spaced levels of soil lead from 0 to ISOO /*g/g,
namely at 0, 250, 500, 750, 1000, 1250, and 1500 pg/g. The user who is not familiar
with this option may also wish to respond "Yes" to the query "Display summary
outputs". Return to the Range Selection Menu.

5. Run the Multiple Runs Analysis by selecting Option 3 on the Range Selection Menu.
The user should see the message that the data sets RANGE*. LAY and RANGBT.TXT
ha'-e been saved. The data set RANGES.LAY is needed to obtain the probability plot
values. The data set RANGEf.TXT is needed to document the input parameters for the
run.

6. In order evaluate the range-finding runs, exit from the Range Selection Menu to the
Computation Menu, then to the Main Menu. Select Option 3: Output Menu, then Option
2: Plot menu, then select the OSD and the blood lead level of concern (LOG). The
default values GSD » 1.60 and LOG * 10 pf/dl are used here, so no selection is
necessary; otherwise, use Option 6. Then use Option 5: Plot Overlay File (probability
density functions). Tab down and select the appropriate RANGE!.LAY file, then select
the age range "H", afet 0-84 months, or any other range, as needed. The probability of
exceeding blood lead 10 jif/dL for each soil lead concentration from 0 to 1500 pg/g by
steps of 250 pf/f is shown in Table 5-13.
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TABLE 5-13. RANGE FINDING RUN FOR TARGET SOIL LEAD
CONCENTRATION

OVERLAY PLOT

1

2

3

4

5

6

7

SOIL LEAD CONCENTRATION
<Mfl)

0

250

500

750

1000

1250

1500

PROBABILITY OF
EXCEEDCNG 10 nt/dL. perwm

0.00

1.99

12.03

26.86

42.68

55.50

64.01

7. As a result of the range-finding runs shown in Table 5-13, the soil lead target
concentration is between 250 pg/g (ROE » 1.99 %) and 500 pg/g(ROE » 12.03%).
In order to narrow the list of possible values, repeat steps 4, 5, and 6 with a smaller
range of values. We selected Start » 320 Mg/g and End * 420 pg/g in Option 2 (Range)
of the Range Selection Menu, and selected 6 runs in Option 4 of the Range Selection
menu. Run the Multiple Runs Analysis with Option 3. This produces an output data set
RANGE*+1. LAY. Plot the results in RANGE*+1.LAY for soil lead concentrations of
320, 340, 360, 380, 400, and 420 pg/g. The results are shown in Table 5-14.

TABLE 5-14. FOCUSED RUN FOR TARGET SOIL LEAD CONCENTRATION

OVERLAY PLOT

1

2

3

4

5

6

SOIL LEAD CONCENT" VHON
0*1/0

320

340

360

380

400

420

PROBABILITY OF
EXCEEDING 10 pg/dL. pticcai

3.24

3.45

3.90

4.15

4.70

5.00
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8. Table 5-14 shows that the highest value of 420 Mg g appears to produce ROE = 5 00^
To confirm this, repeat Step 7 with a much smaller range of valuer We selected
Start = 400 Mg/g and End = 430 ^tg/g in Option 2 (Eange) of the Range Selection
Menu, and selected 4 runs in Option 4 of the Range Selection menu. Run the Multiple
Runs Analysis with Option 3. This produces an output data set RANGE*+ 2.LAY. Plot
the results in RANGE*+2.LAY for soil lead concentrations of 400, 410, 420, and
430 pig/g The results are shown in Table 5-15. This procedure has identified a soil
lead concentration of 410 pf/g as the target level.

TABLE 5-15. VERIFICATION RUN FOR TARGET SOIL LEAD CONCENTRATION

OVERLAY PLOT

1

2

3

4

SOU. LEAD
CONCENTRATION

(Ml/I)

400

410

420

430

PROBABILITY OF
EXCEEDING

10 Mg/dL. percent

4.70

5.00

5.00

5.32

DUST LEAD
CONCENTRATION

(Ml/I)

290

297

304

311

9. The user may wish to view toe dust lead concentrations corresponding to this procedure
In order to view RANGES+2.TXT, return to the Main Menu, then the Computation
Menu and select Option 4: Batch Mode. Select Batch Mode Option 2: View TXT File,
the RANGE*+2.TXT. The dust lead concentrations are shown in the last column of
Table 5-15.
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APPENDIX A: HOW TO CALCULATE THE
GEOMETRIC STANDARD DEVIATION FROM

BLOOD LEAD DATA, IF YOU MUST

A.I A DIRECT METHOD FOR CALCULATING THE GEOMETRIC
STANDARD DEVIATION

One of the simplest approaches to calculating a GSD from a sample of blood lead and
environmental lead dau is based on the idea that childrea with similar environmental lead
exposures will have similar geometric mean blood lead levels. For children of a given age
with similar soil lead (denoted PbS), dust lead (denoted FbD), and other lead exposures, we
can reasonably characterize the variability in blood lead level (denoted GSD) calculated with
respect to the actual geometric mean blood lead level of this group of children (denoted
GMB) without modelling blood toad levels. The procedure shown here is the simplest
procedure we have found, but even with this procedure, the user must be prepared to do a
great deal of statistical calculation. We will illustrate bow an empirical GSD may be
calculated from data after we describe the procedure:

STEP 1: Divide the data set into subgroups, where each group has children of a
given age, with soil lead levels in a given interval, dust lead levels in a
given interval, and with distinct levels of other important variables.
Each such group corresponds to a "box" or cell of soil and dust lead
levels, and level* of other variables if used.

STEP 2: From each individual blood lead (denoted PbB) in each cell, calculate
ln(PbB), when In denotes the natural logarithm.

STEP 3: Within each cell, calculate the mean and the standard deviation of the
ln(PbB) vakMt. Then, for that cell,

GMB * expQnean of ln(PbB) values within the cell)
GSD « expXstandard deviation of ln(PbB) values within L*s cell)

where exp denotes the process of g«i«ihrinj the exponential
function of the indicated quantity. Exponential and natural
logarithm functions are available in mod statistical packages for
microcomputers and on most scientific calculators.

STEP 4: Calculate the inter-individual GSD for this neighborhood by rinding the
median or middk vahie of the GSD values in the sample. The median
is found by ordering the GSD values from all cells from smallest to
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largest. If the number of GSD values is odd, the median is the middle
value; if sample size is an even number, find the average of the two
middle values. Since the number of observations in each box or cell is
different, each GSD should be counted a number of times according to
the number of degrees of freedom (cell count minus one) for that GSD.

STEP 5: Users with some statistical background may wish to examine the within-
cell GSD's for patterns based on the data, such as by plotting GSD
against GMB or against the within-cell value of age, PbS, PbD, or other
stratifying variables.

STEP 6: Usen with more statistical background may wish to use other
approaches to calculating a "typical" GSD, such as by calculating a
mean or pooled variance of the within-cell variances of ln(PbB).
We would caution such users that the data should be carefully evaluated
for outliers, either in raw PbB values or in the e^Mim GSD. One
convenient approach for visual detection of outliers is a normal
probability of within-cell variances after a variance-stabilizing
transformation such as tbe cube root of the within-cell variance of
ln(PbB).

EXAMPLE: In a sample of 166 children from the Midvale, Utah study of 1989
(Bomschein et al., 1990), we found that the estimation of blood lead
levels could be considerably improved by determining whether or
not the children lived in houses in which paint had recently been
removed. Then is substantial evidence that inadequately controlled
lead paint abatement may increase blood levels in resident young
children by 2 to 4 ug/dL on average in the first 6 to 12 months after
paint removal (Rabinowitz et al., 1984; Marcus et al., 1991;
Menton et al., 1993). Interviews with the family provided such
information for 162 of the 166 children, which was used as an
ari^JtiAfl*1 stratifying variable.

The worksheet for determining subgroups are shown in Table A-l. Each table gives
tbe blood leads of children of a given age, divided by whether or not there was recent paint
removal in the •vaidence. Within each table, the children are divided according as the PbS
and PbD vanes at their residence. Each cell in the table corresponds to intervals of 250 ppm
of PbS and 250 ppm of PbD. The soil lead levels were averages of non-missing values of
perimeter, bare area, play area, and garden soils. It should be noted that data for most of
the cells are not available with such detailed sub-division of the data set, and that at higher
soil and dust lead concentrations, there is usually only one observation per cell. There was
only one case in which two children from the same family had the same age, in yean, and
analyses without this duplication would produce very similar results. Otherwise, all blood
lead levels (denoted PbB) within etch cell come from different families. This is believed to

A-2



TABLE A-l. CELLS OF BLOOD LEAD LEVELS IN 165 MTOVALE
CHILDREN, BY PAINT REMOVAL STATUS, AGE, AND INTERVALS

OF 250 Mg/| IN SOIL AND DUST LEAD1

Paint
Removal

0
0
0

0

0

0

0

0

0
0
0
0
0
0
0
0
0
0
0
0
0

Age
0
2
2
3
4
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
1
1
1
1
1
2

SoU
Pb
375
.

375
625
125
125
125
125
375
375
375
375
1125
•

125
375
375
375
625
£25
875
875
1125
1375
1625
•

Oust
Pb
375

625

125

625
125

125
375
125
375
1125
1375
875
625
375
375
625
875
375
625
625
1125
875
1125
625
375

Blood Trad Oig/dL)
Smallest -«-»Largest

5.5
6.
4.

3.

6.5
3.
1.
0.5
3.
5.5
3.
3.5
13.5
5.5
2.5
4.

4.5
3.5
3.
3.5
3.
6.
1.
6.
3.
4.

.

6.

.

4.5

.

7.
,

.

3.
5.5
.

.

7.

6.
.

•

10.5
.

.

6.

.

.

.

.

.

,

.

.

.

.

,

.

.

7.
.

.

8.
6.
.

.

.

.

.

•

.

,

,

.

,

,

.

.

.

.

10.
.
.
.
.
.
.

•

.

.

.

.

.
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TABLE A-l (cont'd). CELLS OF BLOOD LEAD LEVELS IN 165 MTOVALE
CHILDREN, BY PAINT REMOVAL STATUS, AGE, AND INTERVALS

OF 250 Mg/g IN SOIL AND DUST LEAD1

—————
Paint

Removal

0

0

0
0
0
0
.0
0
0
0
0
0
0

0
0

0

0
0
•}
0

0
0
0
c
0

————

Age
2

2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
4

4

4
4

4

SoU
Pb
.

125
125
125
375
375
625
625
875
1125
1125
1125
.

125
125
375
375
375
1125
1375
,

125
125
375
375

Dust
Pb
625

125
625
375
1125
375
625
1125
.

625
875
625
125
375
125
375
1375
625
1125
375
125
375
.

625

Blood Lead Otg/dL)
Smallest —-Largest

7.

5.
2.5
6.
1.5
4.5
14.5
4.

5.5
13.
9.5
19.
5.
2.5
2.
6.5
3.
13.
16.5
5.
2.
4.
5.5
2.
1.5

.
5.5
.
.

.
7.

.

,

.

.

.

,

7.5
.

4.
.

.

•

,

7.5
6.
.

7.

.

.

5.5
.
.

.

11.5
.

.

.

,

.

.

,

.

.

.

.

.

.

.

,

.

•

.

.

8.
.

.

.

.

.

.

.

.

.

.

.

.

.

„

*

.

,

•

•

.

•

12.
,

.

t

,

.
,
,

,

.
,

.

.

.

,

.

.

.

.

.

.

«

•

.

t

t

.

.
,
.
.

,

.

.

.

.

.

.

.

.

.

.

•
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TABLE A-1 (coot'd). CELLS OF BLOOD LEAD LEVELS IN 165 .VIIDVALE
CHILDREN, BY PAINT REMOVAL STATUS, AGE, AND INTERVALS

OF 250 pf/f IN SOIL AND DUST LEAD1

Paint
Removal
0
0
0
0
0
0
0
0
0
0
0
1
I
1
1
I
1
1
1
1
1
1
1
1
1

Age
4

4

4

4

5
5

5
5
5
5
5
0
0
0
0
1
1
1
1
1
1
1
1
1
1

SoU
Pb
625
875
1125
2125
125
125
375
625
625
625
1125
125
125
375
375
•

125
125
375
375
375
625
625
175
1125

Dust
Pb
375
625
2375
875

125

375

375

375

625
1375
875
125
375
375
875
375
125
375
375
625
875
125
375
625
1375

Blood Lead Oig/dL)
Smallest -«~»Largest

5.

7.5
5.
8.
2.

2.5
4.

5.
4.

4.5

13.5
3.
0.5
8.5
5.
8.
5.5
5.5
3.5
5.5
16.5
2.5
9.
6.
5.5

.

.
4.5
3.5

6.
.

.

. -

,

16.5
1.5
.

.

22.5
.

.

.

.

.

,

9.
.

•

.

,

8.5
10.
.

.

.

.

.

,

3.5
.
.
,
.
.
•

.

.

.

•

.

•

.

.

.

.

.

.

5..
.

.

.

.

.

.

.

.

.

.

•

,

6.
.

.

.

.

.

.

.

.

.

.

.

.
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TABLE A-l (cont'd). CELLS OF BLOOD LEAD LEVELS IN 165 MTOVALE
CHILDREN, BY PAINT REMOVAL STATUS, AGE, AND INTERVALS

OF 250 pc/i IN SOIL AND DUST LEAD1

Paint
Removal

1
I
1
1
1

1
1
1
1
1
1
1
I
1
1
1
1
1
I
1
1
1
1
1
1

Age

2
2
2
2
2

2
2
2
3
3
3
3
3
3
3
3
3
4

4

4

4

4

4

4

4

SoU
Pb

125
125
375
375

375
625
1875
.

.

125
375
375
625
875
1625
1875
.

.

125
125
375
875
875
1625

Dust
Pb
.

125
375
.

375

625
625
625
.

625
375
625
875
875
3625
1375
625
375
625
125
375
.

625
1125
1375

Blood Lead Oig/dL)
Smallest -«-»largest

8.5
3.
2.5
6.
3.

8.5
6.5
10.5
8.5
4.

4.5
5.5
4.
2.
2.
15.5
7.5
3.5
3.5
4.5
2.
7.

9.
7.5
9.5

.

4.

3.5
.

10.

.

.

.

.

.

.
5.5
.
.
.
.
.
18.
.
5.
3.5
,

•

.

.

.

4.5
5.
.

-

.

.

,

,

.

,

8.
,

,

,

,

.

•

.

5.
4.
.

.

»

.

,

5.5
5.
,

.

t

.

.

.

.

.

.

.

.

.

.

5.
8.
.
.
.

•

5.5

t

.

.

,

,

.

*

5.
.

.

.

•

19.5

4

.

.
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TABLE A-l (cont'd). CELLS OF BLOOD LEAD LEVELS IN 165 MTOVALE
CHILDREN, BY PAINT REMOVAL STATUS, AGE, AND INTERVALS

OF 250 Mg/g IN SOIL AND DUST LEAD1

Paint
Removal

1
1
1
1
1
1
1

Age
4

5

5
5
5
5
5

Soil
Pb

3125
.

125
125
375
625
1875

Dust
Pb

1625

125
375

375

375

625

Blood Lead Oig/dL) j
Smallest -«-»Largest

13.

4.5

4.

4.

1.5

6.5

5.5

.

5.

7.5

.

.

.

•

.

• —
An isolated decimal point denote* • miMing value.

give a much more valid estimate of variability than within-family GSD's for children of
different ages, but similar genetic ind non-lead environmental factors and similar faintly
behavior patterns.

The statistics for GMB and GSD were calculated as described in Step 3, for each cell
where enough data were available (at least 2 PbB values in order to calculate GSD). The
results are shown in Table A-2. The PbS and PbD values are the cell midpoints, and
provide convenient plot points. Some of the GSD values are very high, as for the cell whose
two values are PbB » 1.5 and 10 Mg/dL.

The diatribution of GSD values for all cells is shown in Table A-3, in the form of
a "stem-and-kaT plot (Tukey, 1977). No weighting scheme has been applied. Many users
would prefer a weighted GSD where tfae number of observations in each cell is taken into
account. This can be done by counting each GSD estimate as representing the number of
degrees of freedom (denoted DP) in the GSD estimate. In this application, DP - N - 1.
where N is the number of PbB values in the cell. A DF-weighted stem-and-leaf plot is
shown in Table A-4. In die unweighted case, the median GSD * 1.694 may be taken as a
representative value for this community. In the weighted DP case, a somewhat larger
median GSD * 1.768 may be used.
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TABLE A-2. GEOMETRIC MEAN AND GEOMETRIC STANDARD DEVIATION
OF BLOOD LEADS IN CELLS OR GROUPS, BY PAINT REMOVAL STATUS

AGE, AND INTERVALS OF 250 Mt/f IN SOIL AND DUST LEAD1

Paint
Removal

.

4

.

.
0
0
0

0

0
0
0

0
0
0
0

0
0
0
0
0
0
0
0

Age
(Yean)

0
2
2
3
4

0

0
0

0
0
0
0

0
1
1
1
1
1
1
1
1
1
1
1

SoU Lead
(/**/«)
375
.

375
625
125
125
125
125
375
375
:?5
375
1125

•

125
375
375
375
625
625
875
875
1125
1375

Dust
Lead

(Mg/g)

375
625
125
625
125
.

125
375
125
375
1125
1375
875
625
375
375
625
875
375
625
625
1125
875
1125

N
1
1
I
1
1
2
1
1
2
1
2
1
1
1
2
3
1
1
4
3
1
1
2
1

Geometric
Mean Blood

Lead
(Mg/dL)

5.5
6.
4.
3.
6.5

4.243
1.

0.5

3.674

5.5
4.583
3.5
13.5
5.5

2.739
5.360
4.5
3.5

6.402
5.013

3.
6.

3.240
6.

GSD

1.633
(

.

1.332

1.821

.

1.138
1.324

.

1.693
1.365

.
5.273
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SOIL AND DUST LEAD1 ^f

Paint
Removal

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Age
(Years)

1
2
2
2

2

2

2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
4

Soil Lead
(Mg/g)
1625

.

.

125
125
125
375
375
625
625
875
1125
1125
1125
.

125
125
375
375
375
1125
1375

Dust
Lead

(Mg/g)
625
375
625

125
625
375
1125
375
625
1125

.

625
875
625
125
375
125
375
1375
625
1125
375

N

1

2
1
1
5
1
1
1
1
3
1
1
1
1
I
1
2
1

3
1
1
I
1

Geometric
Mean Blood

Lead
(Mg/dL)

3.
4.899

7.

5.

5.055
6.
1.5
4.5
14.5

6.854
5.5
13.
9.5
19.
5.
2.5

3.873
6.5

4.762
13.
16.5
5.
2.

GSD

1.332

2.013

1.696

.

.

2.546

1.768

.

,
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TABLE A-2 (confd). GEOMETRIC MEAN AND GEOMETRIC-STANDARD
DEVIATION OF BLOOD LEADS IN CELLS OR GROUPS, BY PAINT

REMOVAL STATUS, AGE, AND INTERVALS OF 250 &l IN
SOIL AND DUST LEAD1

Paint
Removal

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
I
1
1
1
1
1
1
1

Age
(Years)

4

4

4

4

4

4

4

4

5
5
5
5
5
5
5
0
0
0
0
1
I
I
I

Soil Lead
(Mg/g)

125
125
375
375
625
875
1125
2125
125
125
375
625
625
625
1125
125
125
375
375

>

125
125
375

Dust
Lead

(Mg/f)
125
375
.

625
375
625
2375
875
125
375
375
375
625
1375
875
125
375
375
875
375
125
375
375

N

2
2
I
2
1
1
1
1
3
3
2
1
1
1
1
2
5
1
1
2
1
1
1

Geometric
Mean Blood

T*j4
(Mf/dL)
5.477
5.745

2.
3.240

5.
7.5
5.
8.

4.245
4.440
4.899

5.
4.
4.5
13.5
3.
0.5
8.5
5.
8.
5.5
5.5
3.5

GSD
1.560

1.063

2.972

t

^

,

2.065
2.061
1.332

.

.

.

16.5
1.5
.

22.5

•
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TABLE A-2 (cont'd). GEOMETRIC MEAN AND GEOMETRIC STANDARD
DEVUTION OF BLOOD LEADS IN CELLS OR GROUPS, BY PAINT

REMOVAL STATUS, AGE, AND INTERVALS OF 250 jtg/f IN
SOIL AND DUST LEAD1

Paint
Removal

1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Age
(Yean)

1
1
1
1
1
I
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3

SoU Lead
0*/g)
375
375
625
625
875
1125
.

125
125
375
375
375
625
1875
,

•

125
375
375
625
875
162S
1875

Oust
Lead
(Mg/g)

625
875

125
375

625

1375

125

375
.

375
625
625
625

625
375
625
875
875
3625
1375
625

N
1
1

1
1

2
1
1
4

6
1
2
1
1
1
1
1
1
3
1
1
1
1
1

Geometric
Mean Blood

Lead
(Mg/dL)
5.5
16.5
2.5
9.
6.
5.5
8.5
3.
2.5
6.
3.
8.5
6.5
10.5
8.5
4.

4.5
5.5
4.

2.
2.
15.5
7.5

GSD

9.

4.

3.5

10.

.

.

.

,

5.5
.

.

.

.

•
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TABLE A-2 (cont'd). GEOMETRIC MEAN AND GEOMETRIC STANDARD
DEVIATION OF BLOOD LEADS IN CELLS OR GROUPS, BY PAINT

REMOVAL STATUS, AGE, AND INTERVALS OF 250 Mg/g IN
SOIL AND DUST LEAD1

Paint
Removal

1
1
1
1
1
1
1
1
1
1
I
1
1
1
1

Age
(Yean)
4

4

4

4

4

4

4

4

4

5

5
5
5
5
5

SoU Lead
(MI/I)
.

.

125
125
375
875
875
1625
3125
.

125
125
375
625
1875

Dust
Lead
(Ml/I)
375
625
125
375
.

625
1125
1375
1625
.

125
375
375
375
625

N

2
1
5
4

1

1
1

1
1

1

2
2
1
1
1

Geometric
Mean Blood

Lead
0»g/dL)
3.5
3.5
4.5
2.
7.
9.
7.5
9.5
13.
4.5
4.

4.

1.5
6.5
5.5

GSD
18.

5.

3.5

.

5.
7.5

A.2 A MORE SOPHISTICATED STATISTICAL METHOD FOR
ESTIMATING THE GEOMETRIC STANDARD DEVIATION

The GSD actually represents the residual variability in the logarithm of the predicted
blood lead level. A direct regression method that is an overly simplified approximation to
the lEUBK model at steady state exposure may be useful in deriving a residual GSD from a
blood lead and environmental lead study. The method is based on the concepts that: (1) tbe
IEUBK model at low to moderate steady-state exposure yields predicted blood leads that are
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TABLE A-3. STEM AND LEAF PLOT OF
GEOMETRIC STANDARD DEVIATION FOR MIDVALE CHILDREN1-

MINIMUM:
LOWER QUARTILE:

MEDIAN:
UPPER QUARTILE:

MAXIMUM:

1
1
I
1
1
2
2
2
2
2

3
5

1.348

1.332
1.694

2.071

5.273 .

H

M

H

•••OUTSIDE VALUES**

0011
22333333
55
6667
88
00000
3
5
7

9
•

13
2

« 32 freup.
graupi wilh

approximately linear functions of PbS and PbD, with afe-dependent refression coeffkienu;
(2) the linear model should be fitted in a logarithmic form so as to estimate relative
variability. In order to use the model, it is necessary to create indicator variables for the age
of the child in the study. These are:
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TABLE A-4. STEM AND LEAF PLOT OF
GEOMETRIC STANDARD DEVUTION FOR MTOVALE CHILDREN1

(Weighted by Degrees of Freedom)

MINIMUM:

LOWER QUARTILE:

MEDIAN:
UPPER QUARTILE:

MAXIMUM:

I
1
I
1
1
2
2
2
2
2

1.048

1.332

1.768
2.061
5.273

•
H

M

H

0000011
2222233333333
55
oooooo/ /

8888
00000000000000
3
5
7777

9
•••OUTSIDB VALUES***

3
5

13
2

N -51 offtMdoo.

AGBO - 1 if the child is age 0 to 11 months; AGBO - 0 if not;
AGE1 - 1 if the child is age 12 to 23 months; AOB1 - 0 if not;
AGE2 » 1 if the child is age 24 to 35 months; AOE2 - 0 if not;
AGE3 * 1 if the child is age 36 to 47 months; AGE3 - 0 if not;
AGE4 - 1 if the child is age 48 to 59 months; AGE4 » 0 if not;
AGES - 1 if the child is age 60 to 71 months; AGES - 0 if not;
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AGE6 = 1 if the child is age 72 to 83 months; AGE6 = 0 if not;

and so on. Then the model that may be fitted, using ail of the children in the data set for
ahich observed or imputed PbS and PbD values are available, using a nonlinear regression
program for parameter estimation, is given by

In(PbB) = ln(AO*AGEO + A1*AGEI + A2"AGE2 + A3-AGE3 + ...
+ PbS " (BO*AGEO + Bl'AGEl + B2-AGE2 + B3-AGE3 + ...) +
+ PbD * (CO"AGEO + Cl'AGEl + C2-AGE2 + C3"AGE3 -t- ...) +
H- X • (DO-AGEO + D1-AGE1 + D2-AGE2 + D3-AGE3 + ...) )

Here, X represents other predictive covariates for blood lead. In the Midvale example,
X = RMVPAINT » 1 if paint has recently been removed from the premises, and X = 0 if
not. In other applications, it may be useful to use water lead or air lead levels as an
additional predictor. X may be omitted if necessary. In many applications, the regression
parameters may be set equal for some ages. For example, if blood leads stabilize for ages
3 to 5 years, we may set A3 - A4 - A5, B3 = B4 - BS, C3 - C4 - C5, etc. Since the
age-dependence of soil and dust lead exposure may differ somewhat from one site to another.
depending on climate or other f acton, no general prescription for how to carry out such
analyses may be given.

When a non-linear regression model is fined to the data by use of a program that
estimates non-linear parameters, it is then possible to calculate the residual standard deviation
S for the model, so that

S * standard deviation of ln(observed PbB / predicted PbB)
GSD » exp(S).

For the Midvak example iHcrflwl in this Appendix, we find that for N » 143 children with
no missing data for PbD, PbS, or RMVPAINT, S * 0.5701 on the natural log scale, thus
GSD - 1.768. Hie mMuiimata relative standard error of S2 is (2 / (N - p))° 5, whe.. p is
the number of nonlinear panmeters estimated from the data. With p - 12 parameters (ages
2 to 5 yean were grouped), we have (2 I (143 - 12))° 5 - 0.1236 relative standard
deviation for the variance. An approximate 95% confidence interval for the true value of
S2 has a lower bound (1 - 2 • (2 / (N - p))° 5), and an upper bound (1 + 2 • (2 / (N -
p))° 5 ), times S2. For Midvale, the limits are

( 1 - 2 • 0.1236) " (0.5701)2 - 0.2447
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( I •»- 2 • 0.1236) « (0.5701)2 = 0.4053

Thus the lower and upper bounds for S are 0.4947 to 0.6366, and for GSD = exp(S) the
confidence limits are 1.640 to 1.890.
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APPENDIX B: SUMMARY OF REVISIONS TO
LEAD UPTAKE BIOKINETIC MODEL

SOFTWARE VERSIONS

B-l



TABLE B-I. SUMMARY OF REVISIONS TO LEAD UPTAKE/BIOKINETIC
MODEL SOFTWARE FROM LEAD 0.2 TO LEAD 0.4

. IH°) _______ Uad 04 (September. 1990)

Ol tract tfcio union modal IMWi it INMU *p*ui«<* model Default M arm IUMW "»cliv« paaaiva*

Onakiaf watte a*tfiiilli CaaBMMM ~ • X'L Comaniin » 4 pf /L
Fir«tV

- I

-0 *Fn
t « Ffc-tM. - JS»

IS*
wen provide EPA/OOW)

DMtdWwMu DMUiy IMM iaMkM an kM*d an FDA -J««Uiy M««l ialifct* «r« hood on FDA «urveyi cuaytoej in 1941 Default valuci »ii(« friMn
•Mvay* c*Mpta*4 M IN*. tMwk vt4uH j ••?.!
n*«* fawi 23-34 «|/dty M •«•• 0 7.

- (I/O SIMOSDUi Pd) - (I/O SIM»KmOSD()..HK(
Dp)

K> Pta oTpratitility •«»•> fcirtin* OiMiMH of "fan Ml if i< pto' litiMiil OntaMM of *••• *if«d pta' ltfc«ll«d 'pfoiattliiy iiMily tmcnog f(btood Unp' numrnt*
'•lot•>!!•>'. r»t»a»»d fcooi oi4iMM. fiufcifcaity M canptiMd M MM MMgnl of Mu* fawtwa over • ip«ciii*d

nag«d. Tkw u gnftualty ifatinwri w MM "I dMpW prababiliqr p«re*ai >kii

iMWkon FiuM«4.4 iMj/ML: UnraptiM: I) AiMUMdO 2«*iapWMla MMCI OMMnul Moa4 leod 2)'FeuC irnxM. ui

I Maud ktukiiMtk mat*, umt wwkiini Mood toid M ciknUl»< fc.xa btnkMMK model
lMd(7.:

I <0 IS)

Su4/Du*< pnoMcy de4< »nuy ten. • M«w HKhtdM "CkMaj* Ol Abtnrpuoii Menu t«vi««d to T»4«g«OI M«Miod/lto«v«iUbility' If >«•' i
MM fullowiiig •MM*|« appaon ovw MM McoadMy data cotry acr««a: "Mioavailahiliiy i»f »«>il lead
may vary ilaaiadiiM, ua MM Mid feiurca f"f aumfll. Uad limn inina waalae may have a lower

diffirctiKM M |*auuwwat«Ml akaorptHNi of apaxific Mad tfMCMa tod panicla auct. which vary
depending on MM eoorce Tka fnUowukj dau aolry acraan allow i the OKI to make ad|iixmeiiii MI
die iiaalfouilealiMl alianrpnon cnefTitieM* to acciMiM f>a "Me e|>ekifK inl»imalu>n »H lnoi.vaiUI.ilii)



TABLE B-2. SUMMARY OF REVISIONS TO LEAD UPTAKE BIOKINETIC MODEL SOFTWAKK
FROM LEAD 0.4 TO LEAD 0.5

fu —— rr-rf-'-r U»«».4<lpjli»*ii. 1990> Utd 0 5 (D*c*mb«f . 1990)

(NoolMMf Ol AbcoiplMMi MOM! VofcMM ill Ol UMI okulmd, Volwm of Ol lr*ci c*kulM*d. VOI - (VOIXOF) Dcfwik value for Kjn. 100 mg/L
V<N - (VOMOF); •*•» VOI i* *•
•MKN-Mc* vote** <MM»> Md OF w

r<Of> < I forduMrM) Debt*

n,i rii»*.l tlhrlirn MM* *M*MM MMMM*). UMC <niiml»<op«»oii«lluw»uMf k> i»«city ««y «nig««< «g» rang* from 1-7 yM».

iferoi
af •«<il «MM w

OM 61* <w« Mw ifwilM tu *̂

If nil triting takjr !••(••. AMow» utfl lo Ml «t«i»m of X «»u of pfO»«Mlicy dtMity (uaclM» «»4 prot>^>iUy ptr

Onttey Onfh FilM Nol miliM»i (nfhl of ut*vi*Ml mod*! AHowtVMc 10 Hv»frafk .>M|HM (i • . prutMtfeiluy 4«MMy ftuKHanor prab îlMy ptcxciu (r«|>ho
(1) lux ««• W <l̂ hyid MU/M fnaixl from n»illif li nutt lo «• 6U «nd piial umpm of nmlnpU mm on « tuigU trap*

>>
H ecu h* AMow» »•« lo »»• *• 4«u omprt of uWividMl ot igyliipU modri mm. i« mo nxcifi«d AS>'I

ua MM, *«• MM a* k* nvwwcd **4 pnMMl w LM4 MHl/oc iM ûfMrl into • wuid . w

ttoat v«. Mrtii r«»iM<relio« llnlri Nol mtbfcb Allow* MMf to MM* • IM«* of UMl VMM* fe* OM pmH<y nurfmni (air. dm. dnokini WM«C.
•••• (Onfk OHMM) AMI at MiO. Md ftadne* • IHIM of mdM mo* i> whka l**d bv*t* w KM •/•cilUd medium >r e

VMM owor •• OMcwM no(*. ItooiNwlof oachnMi* coMnndioM X-Y pk* ofrnMo
MOOfl !••• Vft. •••MM !••••

H*t Not iviilitli. rilmlMM • toW tovol io *• u**r-*McUM *iifa*i mM i* mocmM1 wMh • •pocifiM' OIMO blood



TABLE B-3. SUMMARY OF REVISIONS TO LEAD UPTAKE BIOKINETIC MODEL SOFTWARE
_____________________FROM LEAD 0.5 TO LEAD 0.99d

rFMWn L*6d 0 S (DwMdMr. 1990) L**d 0 99d (JMuuy. 1994)

••Ml Mod* Mod*! ROM NtfWMbM* AccepU a property tormaiud ASCII lam fil* (» DAT) coauinmf data no lead c»ponii« .ml M.-.O Itad
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Extracted from RODScan, 199A

REGION 10

BUNKER HILL MINING AND METALLURGICAL COMPLEX, ID
August 30, 1991

SITE HISTORY/DESCRIPTION

The Bunker Hill Mining and Metallurgical Complex site is a 21-square-mile area centered
around an inactive industrial mining and smelting site, and includes the Cities of Kellogg,
Smelterville, Wardner, Pinehurst, and Page, in Shoshone County, Idaho. The inactive industrial
complex includes the Bunker Hill mine and mill, a lead smelter, a zinc smelter, and a
phosphoric acid fertilizer plant, all totaling several hundred acres. Furthermore, the site includes
the South Fork of the Coeur d'Alene River, aa alluvial floodplain bordered by mountains,
numerous valleys and gulches, and vegetated residential areas. In 1886, the first mill for
processing lead and silver ore was constructed at the site. Operations were expanded in later
years with the addition of a lead smelter; a blast furnace; and electrolytic zinc, sulfuric acid,
phosphoric acid, and fertilizer plants. Onsite operational and disposal practices have caused the
deposition of hazardous substances (e.g., metals) throughout the valley via airborne paniculate
deposition, alluvial deposition of tailings dumped in the river, and migration from onsite sources.
Initially, most of the solid and liquid residue from the complex was discharged into the river.
When the river flooded, these materials were deposited onto the valley floor, and have leached
into onsite soil and ground water. Although some of the industrial wastes have been removed
and disposed of offsite, thousands of tons of sludge, tailings, flue dust, and other wastes still
remain onsite. Contamination at the site is a result of tailings deposition in the floodplain, and
airborne deposition from smelter and mill complex emissions. A fire in 1973 severely reduced
air pollution control capacity at the lead smelter. A 1974 public health study and concurrent
epidemiologic and environmental investigations concluded that atmospheric emissions of
paniculate lead from the active smelter were the primary sources of elevated blood lead levels
in local children. In 1977, two tall stacks were added to disperse contaminants from the
complex. The complex ceased smelter operations in 1981, but continued limited mining and
milling operations from 1988 to early 1991. In 1989, EPA began a removal program to
excavate lead-contaminated soil from affected residential properties. Federal and State agencies
have designated a 21-square-mile study area, which has been divided into populated areas and
non-populated areas for remediation. This ROD addresses contaminated residential soil within
the populated areas of the site, and includes four incorporated communities and three
unincorporated residential areas as operable unit 1. The nonpopulated areas of the site as well
as all other contaminated media in the populated areas (e.g., house dust, and commercial
properties) will be addressed in a future ROD. The primary contaminants of concern affecting
residential area soil are metals including arsenic and lead.

SELECTED REMEDIAL ACTION

The selected remedial action for this site includes soil sampling; excavating contaminated
soil and sod exceeding 1,000 mg/kg lead on approximately 1,800 residential properties, and
replacing it with clean soil and sod; disposing of the contaminated soil and sod at an onsite
repository; capping the repository; placing a visual marker if lead levels in soil exceed 1,000



mg/kg below the depth of excavation; revegetating the area; conducting long-term environmental
monitoring; and implementing institutional controls including deed and land use restrictions.
The estimated present worth cost for this remedial action is $40,600,000, which includes an
annual O&M cost of $460,000 for 30 yean.

PERFORMANCE STANDARDS OR GOALS

Residential soil with lead concentrations greater than 1,000 mg/kg will be excavated and
replaced with clean material resulting in mean soil lead concentrations in residential areas of
approximately 200 to 300 mg/kg.

INSTITUTIONAL CONTROLS

Deed, land use, and other administrative restrictions will be implemented onsite.

KEYWORDS

Arsenic; Capping; Carcinogenic Compounds; Clean Air Act; Clean Water Act; Direct
Contact; Excavation; Filling; Floodplain; Institudonal Controls; Lead; Metals; O&M; Onsite
Containment; Onsite Disposal; Public Exposure; RCRA; Soil; State Standards/Regulations;
Wetlands

SITE SUMMARY

Dates of Previous RODs: None
Lead: Fund
Contaminated Media: Soil
Major Contaminants: Metals
Category:

Source control - final action
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SITE NAME

Bunker Hill Mining and Metallurgical Complex Site

Populated Areas

Residential Soils Operable Unit

LOCATION

Cities of Kellogg, Smelterville, Wardner, Pinehurst and other residential areas within the
site Shoshone County, Idaho

STATEMENT OF BASIS AND PURPOSE

This decision document presents the remedial action selected by the U.S.
Environmental Protection Agency and the Idaho Department of Health and Welfare for the
Populated Areas Residential Soils Operable Unit at the Bunker Hill Mining and Metallurgical
Complex Site in northern Idaho. The remedy was chosen in accordance with CERCLA, as
amended by SARA, and, to the extent practicable, the National Contingency Plan. This decision
is based on Residential Soils Administrative Record file for this site, and the index is attached.

ASSESSMENT OF THE SITE

Actual or threatened releases of hazardous substances from this site, if not
addressed by implementing the response action selected in this Record of Decision (ROD), may
present an imminent and substantial endangerment to public health, welfare, or the environment.

DESCRIPTION OF THE REMEDY

The Residential Soils Operable Unit is the first unit to be addressed at Bunker
Hill. Exposure to lead in residential soils has been identified as the primary health risk to
children and pregnant women within the Populated Areas of the site. Residential soils are not
a "principal threat" at this site (as defined by U.S. EPA-see Glossary), although they represent
a significant lead exposure pathway to the local population.

Exposure to interior house dust and consumption of locally grown garden produce
have also been identified as significant contaminant exposure pathways to people. Contaminants
of concern for garden produce include lead and cadmium.

Remediation of residential soils will break the direct contact exposure pathway
between people and those soils. In addition, implementation of the selected remedy will remove
a source of metal-contaminated dust to home interiors (residential soils are a source of house
dust), and provide safe garden areas.

The residential soils remedy consists of the following:



o Removal of contaminated surficial soil

o Placement of a visual marker if lead in soil concentrations exceed 1,000 ppm
below the depth of excavation

o Replacement with clean soil (these soils will function as a barrier between
residents and underlying contaminated material)

o Revegetation of yards

o Disposal of contaminated materials

o Dust suppersion during remediation

o Institutional controls for barrier management

o Long-term environmental monitoring for evaluation of remedial effectiveness

A Remedial Action Objective is to decrease die concentration of lead such that
95 percent or more of die children in the area have blood lead levels below 10 ug/dl. This
remedial action is expected to achieve community mean soil lead concentrations of approximately
200 to 300 ppm by removal of soils exceeding the threshold level of 1,000 ppm lead..
Approximately 1,800 residential properties will be remediated based on this criterion. U.S. EPA
and IDHW have determined that residential yards cleaned up in 1989,1990, and 1991 were done
so in a manner consistent with this Record of Decision. These properties will be included in the
Institutional Controls Program.

To meet the health based Remedial Action Objectives, contaminated fugitive dust
must be controlled and lead concentrations in home interior dust must be reduced. It is expected
that there will be at least one other Record of Decision that will address fugitive dust, interior
dust, and all other remaining issues for the site.

STATUTORY DETERMINATIONS

The selected remedy is protective of human health and the environment, complies
with federal and state requirements that are legally applicable or relevant and appropriate to the
remedial action, and is cost-effective. This remedy utilizes permanent solutions and alternative
treatment technologies to die maximum extent practicable. However, because treatment of the
metal-contaminated residential soils was found to be not practicable, this remedy does not satisfy
the statutory preference for treatment as a principal element of the remedy. Treatment was
determined to be impracticable based upon effectiveness and cost factors.

Because this remedy will result in hazardous substances remaining onsite above
health-based levels, a review will be conducted within 5 years after commencement of remedial
action to ensure that the remedy continues to provide adequate protection of human health and
the environment.



Richard P. Donovan

Director
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RECORD OF DECISION SUMMARY

Site Name: Bunker Hill Mining and Metallurgical Complex Site

Populated Areas

Residential Soils Operable Unit

Location: Cities of Kellogg, Smdterville, Wardner, Pinehurst; and other residential areas
within site boundaries

Shoshone County, Idaho

1 SITE DESCRIPTION

The Bunker Hill Mining and Metallurgical Complex Superfund Site is located in
Shoshone Count, in northern Idaho, at 47 degrees 5* north latitude and 116 degrees 10* west
longitude (Figure 1-1). The site lies in the Silver Valley of the South Fork of the Coeur d'Alene
River (SFCDR). The Silver Valley is a steep mountain valley that trends from east to west.
Interstate Highway 90 crosses through the valley, approximately parallel to the SFCDR. The site
includes the town of Pinehurst on the west and the town of Kellogg on the east (Figure 1-2) and
is centered on the Bunker Hill industrial complex. The site has been impacted by over 100 years
of mining and 65 yean of smelting activity. The complex occupies several hundred acres in the
center of the site between the towns of Kellogg and Smdterville.

Populated and Non-populated Areas of the Site
(See Figure 1-2 in Original Document)

The agencies (U.S. Environmental Protection Agency (U.S. EPA) and Idaho



Department of Health and Welfare (IDHW)) have designated a 21-square-rrule study area for
purposes of conducting the Remedial Investigation/Feasibility Study (RI/FS), which has been
divided into Populated Areas and Non-populated Areas. This Record of Decision (ROD)
addresses contaminated residential soils within the Populated Areas of the site. Soils throughout
the site have been contaminated by heavy metals to varying degrees, through a combination of
airborne paniculate deposition, alluvial deposition of tailings dumped into the river by mining
activity, and contaminant migration from onsite sources. Onsite sources include the industrial
complex, tailings and other waste piles, barren hillsides, and fugitive dust source areas located
throughout the site.

The Populated Areas of the site consist of four incorporated communities and
three unincorporated residential areas. Except for the eastern portion of Kellogg, all of these
communities lie south of U.S. Interstate 90 (1-90), between the highway and steep hillsides to
the south. Portions of the residential areas lie within the floodplain of the South Fork of the
Coeur d'Alene River.

This ROD addresses currently established residential areas. The city of Kellogg
(see Figure 1-3) is 6 miles east of the western edge of the site and approximately 1 mile east of
the smelter complex. The population is estimated to be 2,600 with about 1,100 residences. The
next largest population center is the city of Pinehurst (see Figure 1-4) with 700 residences and
about 1,700 people. It is located on the western edge of the site, about 1 mile south of 1-90.
Smelterville (see Figure 1-5), with a population of about 450 and 270 residences, is
approximately 3 miles east of the western edge of the site and lies along a minor arterial road'
linking it to Pinehurst and Kellogg. The town is about 1 mile west of the smelter complex. The
city of Wardner (see Figure 1-6) is contiguous with the southeast portion of Kellogg and is
approximately 6 miles east of the western boundary of the site. The population of Wardner is
currently about 300 people with 130 residences. The unincorporated community of Page (see
Figure 1-7) is about 1 mile east of the western edge of the site. Most of the land is owned by
American Smelting and Refining Company (ASARCO), while the homes are owned by the
residents. Population of Page is estimated to be about 100 to 150 people, and the area includes
65 residences. Two unincorporated residential areas located along the eastern site boundary are
Elizabeth Park and Ross Ranch with populations estimated to be 120 and 50 people, respectively.

2 SITE HISTORY AND ENFORCEMENT ACTIVITIES

2.1 SITE HISTORY

The Bunker Hill Superfund Site is part of the Coeur d'Alene Mining District
located in northern Idaho and western Montana. Gold was first discovered in the district in 1883.
The first mill for processing lead and silver ores at the Bunker Hill site was constructed in 1886
and had a capacity of 100 tons of raw ore per day. Other mills subsequently were built at the
site and the milling capacity ultimately reached 2,500 tons per day.

The Kellogg-based Bunker Hill and Sullivan Mining Company, incorporated in
1887, was the original owner and operator of the Bunker Hill complex. In 1956, the name was



changed to the Bunker Hill Company a^d in 1968, Gulf Resources and Chemical Company of
Houston, Texas, purchased the company and operated the smelter until it was closed is late
1981. The complex was purchased in 1982 by the Bunker Limited Partnership (BLP),
headquartered in Kellogg, Idaho. BLP subsequently sold portions of the complex properties to
several related or affiliated entities including:

o Syrina Minerals Corporation

o Crescent Mine

o Bunker Hill Mining Company (U.S.), Inc.

o Minerals Corporation of Idaho

The Bunker Mining Company resumed mining and milling operations in 1988 and
subsequently ceased those operations in 1991.

The Bunker Hill and Sullivan Mining Company was originally involved only in
mining and milling lead and silver ores from local mines. From 1886 until 1917, the lead and
silver concentrates produced at the site were shipped to offsite smelters for processing.
Construction of the lead smelter began in 1916 and the first blast furnace went online in 1917.
Over the yean, the smelter was expanded and modified. At the time of its closure in 1981, the
lead smelter had a capacity of over 300 tons of metallic lead per day. An electrolytic zinc plant
was put into production at the site in 1928. Two sulfuric acid plants were added to the zinc
facilities in 1954 and 1966, and one sulfuric acid plant was added to the lead complex in 1970.
When it was closed in 1981, the zinc plant's capacity was approximately 285 tons per day of
cast zinc. A phosphoric acid plant was constructed at the site in 1960 and a fertilizer plant was
built in 1965. The primary products from these plants were phosphoric acid and pellet-type
fertilizers of varying mixtures of nitrogen and phosphorus. The industrial complex ceased
operation in 1981 except for limited mining and milling operations mentioned above.

Control of atmospheric emissions, solid waste disposal, and wastewater treatment
at the Bunker Hill complex evolved with changing technologies and regulations. Initially, most
liquid and solid residue from the complex was discharged into the South Fork of die Coeur
d'Alene River and its tributaries. The river periodically flooded and deposited waste material
laden with lead, zinc, and other heavy metals onto the valley floor. Operation and disposal
practices caused deposition of hazardous substances throughout the valley. Leaching of these
deposits through the soil has contributed to heavy metal contamination of the river and
groundwater.

A 1973 fire in the btghouse at the lead smelter main stack severely reduced air
pollution control capacity. Total paniculate emissions of about 15 to 160 tons per month,
containing 50 to 70 percent lead, were reported from the time of the fire through November
1974. This compares to emissions of about 10 to 20 tons per month prior to the fire. The
immediate effects of increased total lead emissions and high total lead in air content were
observed in a 1974 public health study where a significant number of children had elevated blood



lead levels. Lead smelter stack emissions following the 1973 baghouse fire are a significant
source of current site contamination.

In 1977, tall stacks (>600 feet) were added at both the zinc and lead smelters to
more effectively disperse contaminants from the complex. These devices decreased sulfur oxides
concentrations in the late 1970s. The smelter and other Bunker Hill Company activities ceased
operation in December 1981, and portions of the smelter complex have since been salvaged for
various materials, machinery, and scrap.

Although in recent yean some wastes have been shipped offsite for disposal in
landfills, thousands of tons of sludges, tailings, flue dust, and other wastes remain at the
complex. These materials contain high levels of arsenic, lead, and other metals.

2.2 INITIAL INVESTIGATIONS

Contaminated air, soils, and dusts have been identified as contributors to elevated
blood lead levels in children living in the Populated Areas of Bunker Hill site. Environmental
media concentrations of site contaminants of concern in the Populated Areas are strongly
dependent on distance from the smelter facility and industrial complex. Residential areas nearest
the smelter complex have shown the greatest air, soil, and dust lead concentrations; the highest
childhood blood lead levels; and the greatest incidence of excess absorption in each of the studies
conducted in the last decade.

Health effects of environmental contamination were first documented following
the smelter baghouse fire and associated smelter emissions in 1973 and 1974. Up to 75 percent
of the preschool children tested within several miles of the complex had blood lead levels at that
time that exceeded Centers for Disease Control (CDC) criteria. Several local children were
diagnosed with clinical lead poisoning and required hospitalization. Lead health surveys
conducted throughout the 1970s confirmed that excess blood lead absorption was endemic to this
community. Concurrent epidemiologic and environmental investigations concluded that
atmospheric emissions of paniculate lead from the active smelter were the primary sources of
environmental lead that affected children's blood lead levels prior to 1981. Contaminated soils
were also found to be a significant, however secondary, source of lead to children in the 1970s.

Following lead poisoning incidents in 1973, a number of activities were instituted
to decrease lead exposures and uptakes in the community. In an August 1974 survey, 99 percent
of the Ito 9-year-old children living within 1 mile of the smelter were found to have blood lead
levels in excess of 40 ug/dl. The frequency of abnormal lead absorption (defined at the time as
greater than or equal to 40 ug/dl was found to decrease with increasing distance from the
smelter. Following the announcement of these results, emergency measures were initiated to
reduce the nsk of lead intoxication. These measures included: chelation of children with blood
lead over 80 ug/dl, purchase and destruction of as many homes as possible within 0.5 mile of
the smelter, distribution of "clean" soil and gravel to cover highly contaminated areas, initiation
of a hygiene program in the schools, and reduction of ambient air lead levels through reduction
of smelter emissions. Street cleaning and watering in dust-producing areas occurred during
several periods in the late 1970s. Subsidies were provided by the Bunker Hill Company to



residents for the purchase of clean top soil, sand, gravel, grass seed and water, thereby
promoting some yard cover in the community.

An analysis of historical exposures to children who were 2 yean old in 1973
suggests a high risk to normal childhood development and metal accumulation in bones because
of extreme exposures; these exposures could offer a continuing lead body burden in these
children because of its long physiologic half life. Females who were 2 yean of age during 1973
are now of childbearing age and, even with maximum reduction in current exposure to lead, the
fetus may be at risk because of resotption of bone lead stores in the young women.

Following smelter closure in late 1981, airborne lead contamination decreased by
a factor of 10, from approximately 5 ug/m3 to 0.5 ug/m3. A 1983 survey of children's blood
lead levels demonstrated a significant decrease in community exposures to lead contamination;
however, the survey also found that several children, including some born since 1981, continued
to exhibit blood lead levels in excess of recommended public health criteria. Accompanying
epidemiological analyses suggested that contaminated soils and dusts represented the most
accessible sources of environmental lead in the community.

Childhood mean blood lead levels have continued to decrease since 1983. These
decreases are likely related to a nationwide reduction in dietary lead; reduced soil, dust, and air
levels in the community; intake reductions achieved through denying access to sources; and the
increase in family and personal hygiene practiced in die community. The latter is reflected in
the implementation of a comprehensive Community Health Intervention Program in 1984 that
encourages improved hygienic (housekeeping) practices, increased vigilance, parental awareness,
and special consultation on individual source control practices such as lawn care, removals, and
restrictions. The Community Health Intervention Program was initiated specifically to reduce
the potential for excess absorptions and minimize total absorption in the population until
initiation of remedial activities. Total blood lead absorption among the community's children has
been reduced nearly 50 percent since 1983. The incidence of lead toxicity (blood lead > 25
ug/dl) has fallen from 25 percent to less than 5 percent for children in die highest exposure
areas. Recent blood lead monitoring has shown 37 to 56 percent of area children surveyed
exceeded the blood lead level of 10 ug/dl.

2.3 REMEDIAL INVESTIGATION/FEASIBILITY STUDY (RI/FS)

The Bunker Hill site was placed on the National Priorities List (NPL) in
September 1983 (48 FR 40658). RI/FS activities were initiated in late 1984 following completion
of the 1983 Lead Health Study.

The Bunker Hill Site Characterization Report (SCR) was the first step in the RI
process. The objective of die SCR was to describe and analyze existing information. The existing
information included files from federal, state, and local agencies, as well as information obtained
from past and present owners and operators of the industrial complex. The SCR was then used
to identify data gaps and develop work plans for the remedial investigation.

In recognition of the history and complexity of this site, and the continuing need



for active health intervention efforts, the EPA and IDHW developed an integrated project
structure for RI/FS activities. The site was divided into two principal portions-the Populated
Areas and the Non-populated Areas. The Populated Areas include several cities, all residential
and commercial properties located within those cities, and other residential properties. The
Non-populated Areas include the smelter complex, river floodplain, barren hillsides,
groundwater, air pollution, and industrial waste components of the site.

While separate RI/FS efforts were initiated for each portion of the site, U.S. EPA
Region 10 retained oversight and risk assessment responsibilities for both. IDHW conducted the
Populated Areas RI/FS. The Non-populated Areas RI/FS is being conducted by Gulf Resources
<& Chemical Corporation under a U.S. EPA Administrative Order on Consent signed by U.S.
EPA in May 1987. Table 2-1 lists the major geographic features and investigation emphases.

Table 2-1 Major Features and Investigation Emphasis
(See Data in Original Document)

2.4 HISTORY OF CERCLA ENFORCEMENT

Several companies have been identified by U.S. EPA as potentially responsible
parties (PRPs) for the Bunker Hill Superfund Site. Table 2-2 lists the PRPs for Bunker Hill and
the dates they were notified. The PRPs represent a combination of past and present property.
owners, owners and operators of the various smelting, processing, and production facilities
located within the industrial complex, and upstream mining companies that were responsible for
tailings discharges into the South Fork of die Coeur d'Alene River that have conthbuted to the
contamination of the site.

Table 2-2 Potentially Responsible Parties Identified for the Bunker Hill Superfund Site
(See Data in Original Document)

In 1989, U.S. EPA recovered $1.4 million from Gulf Resources A Chemical
Corporation in a settlement regarding Superfund money spent during the removal action in 1986.
Agency oversight costs associated with the Non-populated RI/FS have been received from Gulf
Resources & Chemical Corporation for 1987 through 1989. On May 2, 1990, U.S. EPA filed
a civil action for penalties against Bunker Limited Partnership for failure to respond to U.S.
EPA's October 1988 request for information. The case is still pending in U.S. District Court
in Boise, Idaho.

2.5 REMOVAL ACTIONS

There have been two Superfund-financed removal actions (1986 and 1989
residential soils); one removal action was financed by the PRPs but performed by the agencies
(1990 residential soils); and there have been three PRP-performed removal action (1989 Smelter
Complex Stabilization, 1990 hillsides revegetation, and 1991 residential soils, etc.).



In 1986, 16 public properties (parks, playgrounds, and road shoulders) were
selected for an immediate removal action because these properties contained high concentrations
of lead and were frequented by many area children. The action consisted of placing a barrier
between children and the underlying contaminated soil. Six inches of contaminated materials
were excavated, and clean soil, sod and/or gravel were imported for replacement. Excavated
material was temporarily stored within site boundaries at property owned by the Idaho
Transportation Department (TTD).

In 1989, the U.S. EPA and IDHW began a residential soil removal program. The
program prioritized yards that had a lead concentration greater than or equal to 1,000 ppm and
housed either a young child or a pregnant woman. This action consisted of removing 6 to 12
inches of contaminated material from yards and replacing it in kind with clean material.
Contaminated soils were again stored at the ITD property within site boundaries. In 1989, yard
soil replacement was completed at 81 homes and 2 apartment complexes within the Populated
Areas of the site.

An Administrative Unilateral Order was issued October 24, 1989 (U.S. EPA
Docket Number 1989-10-21-106), to Bunker Limited Partnership, Minerals Corporation of
Idaho, Bunker Hill Mining Company, (U.S.) Inc., and Gulf Resources and Chemical
Corporation. The purpose of the order was to implement actions to stabilize several problem
areas within the industrial complex. Actions required by the order included immediate cessation
of salvaging activities onsite, establishment of site access restrictions, development of a dust
control plan, and stabilization and containment of the copper dross flue dust pile.

An Administrative Unilateral Order was issued to all named PRPs on May IS,
1990 (U.S. EPA Docket No. 1090-05-23-106(a)), which required the continuation of the
residential soil removal program within the boundaries of the Superfund site. Settlement of this
order resulted in an agreement between U.S. EPA and eight of the PRPs (Gulf Resources it
Chemical Corporation, Hecla Mining Company, ASARCO, Inc., Stauffer Chemical Company,
Callahan Mining Corporation, Coeur d'Alene Mines Corporation, Sunshine Precious Metals,
Inc., and Union Pacific Railroad) for payment of $3,180,000 to U.S. EPA (U.S. EPA Docket
Number 1090-05-35-106) for performance of the 1990 residential soil removal action. Yard soil
removal and replacement for an additional 130 yards were performed in 1990. Excavated soils
from this removal action were stored at the Page Ponds tailing impoundment.

An Administrative Order on Consent to implement hillside stabilization and
revegation work was entered into between U.S. EPA and Gulf Resources & Chemical
Corporation, and Hecla Mining Company, on October 1, 1990 (U.S. EPA Docket No.
1090-10-01-106). The objectives of mis Order are to control erosion by reestablishing a native,
closed, coniferous forest and undentory vegetative cover to approximately 3,200 acres of barren
hillsides and to perform terrace repair and construction of detention basins, and repair of the
rockslide areas in Wardner and Smdterville. Planting of trees is scheduled to be completed in
1996.

In July of 1991, an Administrative Order on Consent (U.S. EPA Docket No.
1091-06-17-106(a)) was entered into between U.S. EPA and nine PRPs (Gulf Resources &



Chemical Corporation, Hecla Mining Company, ASARCO, Inc., Stauffer Chemical Company,
Callahan Mining Corporation, Coeur d'Alene Mines Corporation, Sunshine Precious Metals,
Inc., Union Pacific Railroad, and Sunshine Mining Company) that required the PRPs to perform
the residential soil removal program. It is expected that approximately 80 more properties will
be cleaned up this year. As in 1990, excavated soils were stored at the Page Ponds tailing
impoundment. Under this Order, the parties have also agreed to undertake sitewide dust control
actions; monitor air, groundwater and surface water; enhance the fire fighting capability at the
industrial complex; and provide funding to purchase high-efficiency vacuums for loan as part
of the Health Intervention Program.

3 HIGHLIGHTS OF COMMUNITY PARTICIPATION

There has been a long history of community relations activities in the Silver
Valley. Since discovery of elevated blood leads in children in 1974, the IDHW, Panhandle
Health District (PHD), and the CDC have continually worked with area residents to reduce
exposures to lead. In 1985 the Shoshone County Commissioners selected a nine-member Task
Force to serve as a liaison between the Bunker Hill Superfund Project Team (comprised of
representative of U.S. EPA and IDHW and contractors) and the community. The PHD was
contrasted by IDHW to perform community relations tasks for the Bunker Hill Superfund Site.
A full-time IDHW staff person has also been stationed onsite from mid-1987 to present. Part of
their duties is to assist in community relating activities when needed.

The focus of community contact has been the nine-member Silver Valley Task
Force. There have been 35 public task force meetings since May of 1985. These meeting
consisted of presentations by the Bunker Hill Project Team with time for questions and
statements from both the Task Force and the general community. Twenty-three fact sheets have
been produced since May 1985 to discuss various aspects of the RI/FS activities at the site. Site
records have also been made available to the public through four public information repositories.
The community was involved in the selection of activities associated with residential soil removal
actions through a public comment period. This experience, along with the opportunity to observe
the cleanup activity over the last 2 yean, has helped familiarize the community with the
remediation of residential soils.

A series of meetings has been held between the PHD and local planning and
zoning commissions, city councils, and county commissioners to help develop the "Evaluation
of Institutional Controls for the Bunker Hill Superfund Site." Institutional control development
presentations were also made to local business and community groups.

The "Risk Assessment Data Evaluation Report," the "Residential Soils Focused
Feasibility Study," the "Proposed Plan tor Cleanup of Residential Soil within the Population
Areas of the Bunker Hill Superfund Site," and "An Evaluation of Institutional Controls for the
Bunker Hill Superfund Site" were released for public review April 29, 1991. These four
documents were made available in the administrative record file, which is located at the Kellogg
City Hall, and the four information repositories, which are located at the Kellogg City Hall,
Kellogg Public Library, Smeltsville City Hall, and Pinehurst/Kingston Library. The notice of
availability of the documents was published in the "Shoshone News Press" from April 26,



through Apnl 30, 1991. The notice outlined the remedial alternatives evaluated and identified
the proposed alternative. A public comment period was established for April 29 to May 31 and
was extended to June 30, 1991, after a request to extend the period was received. Extension of
the public comment period was published in the "Shoshone News Press" May 24 through 26,
1991. A public hearing was held May 23, 1991, to answer questions and take comments. There
were approximately 100 attendees at the meeting. A transcript of questions asked and answers
given at the public hearing is included in the Administrative Record. Responses to written
comments are included in the Responsiveness Summary, which is part of this Record of
Decision.

4 SCOPE AND ROLE OF OPERABLE UNIT

The rationale for separating the Bunker Hill RI/FS into two parts involved both
data availability and confidentiality issues associated with an investigation of private residential
properties within the Populated Areas. With both environmental data and an abundance of human
health related data, collected as part of the epidemiological studies, the agencies believed that
the Populated Areas RI/FS could best be completed by government agencies in order to honor
confidentiality agreements with individuals and individual property owners.

The RI-Risk Assessment Data Evaluation Report (RADER) for the Populated
Areas of the Site-has been completed. The residential soils feasibility study is also complete and
is the first unit to be addressed in a Record of Decision. The other units that are related to the
Populated Areas investigation that have not been addressed in a decision document include:
house dust, commercial properties, and road shoulders and rights-of-way. The agencies
ohginally expected to address these issues in a second ROD in 1992; however, the PRPs have
approached U.S. EPA and IDHW with a proposal for a sitewide cleanup that involves all facets
of both the Populated and Non-populated Areas. The effort to complete the Residential Soils
ROD was maintained, because soils an a primary risk to the residents; however, consolidation
of all (see Table 2-1) remaining issues into what is referred to as the expedited FS is ongoing.
The expedited FS is expected to support a second ROD for the site that will address all
contaminated areas and media not covered in this ROD.

The RADER concluded that subchronic lead absorption among young children is
the most significant health risk posed by this site. The greatest risks to young children are
associated with ingestion of residential yards soils, house dusts, and locally grown produce.
Exposure to residential soils is a primary health risk to area residents, although residential soils
are not a "principal threat" as defined by U.S. EPA. The remedial action described in this ROD
is intended to minimize direct contact with and ingestion of lead-contaminated residential soils
by excavation and replacement of those soils with clean material. While yard soils represent a
primary risk to local residents, it is important to recognize that yard soils represent only one
component of exposure in these communities. Other sources of contamination within the site
must be addressed to prevent additional population exposures and recontamination of residential
soils because of contaminant migration. No direct action is being taken for house dust lead
reduction at this time; however, it is expected that house dust concentrations will decrease as
yard soil lead concentrations decrease and fugitive dust sources are controlled. Part of the
ongoing Health Intervention Program will be to lend high-efficiency home vacuum cleaners to



interested residents. Fugitive dust control efforts undertaken as pan of the 1991 removal action
will further reduce exposures and the transport of contaminated materials.

Use of a threshold level of 1,000 ppm lead (i.e., remedial action at any yard with
a lead concentration of 1,000 ppm or above) will result in residential community mean soil lead
concentrations of approximately 200 to 300 ppm. Current community mean soil lead
concentrations are approximately 3,000 ppm. The goal is to reduce soil lead concentrations such
that mean blood lead levels are below 10 ug/dl and the risk for any individual child to have a
blood lead level that exceeds 10 ug/dl is minimized.

Locally grown produce is a potentially significant exposure route for cadmium and
lead to pregnant women as well as young children. This action will provide for safe produce
gardening areas to ensure that this exposure pathway is minimized. Currently, the Health
Intervention Program recommends that produce grown in local gardens not be consumed.

There are approximately 2,700 residential properties onsite. Of those,
approximately 50 percent have been sampled. Of the yards sampled, 65 percent have surface soil
concentrations of lead greater than or equal to 1,000 ppm. If the unsampled yards show a similar
distribution, this action is expected to involve remediation of 65 percent (approximately 1,800)
of the residential yards within the site.

5 SITE CHARACTERISTICS

5.1 PHYSICAL SETTING

Topography of the Silver Valley consists of an alluvial floodplain bordered on the
north and south by steep mountains. The floodplain ranges in width from about 0.1 mile east of
Kellogg to approximately 0.9 mile near Smelterville. The elevation of the valley floor ranges
from 2,160 feet above mean sea level at the west end to 2,320 feet at the east end of the project
site. The valley floor is nearly level, with slopes typically less than 1 percent. The mountains
rising from the valley range from 500 to 2,500 feet above the valley floor. The mountainsides
typically exhibit slopes of 45 to 90 percent and at some points exceed 110 percent. Numerous
valleys and gulches cut through the mountains and generally trend north to south, intercepting
the valley of the South Fork Coeur d'Alene River.

Most residences are located on the valley floor or at the toe of the hillside slopes.
Valley floor soils were formed from alluvially deposited materials and have been strongly
influenced by mine tailings placed in the river as a result of past mining activity. In general, the
alluvial valley-fill deposits are comprised of silty to clayey sand and gravel. Soil parent materials
at the toe of the steep slopes are colluvial and mixed colluvial/alluvial and are highly erosive.
Residential soils have been modified by typical excavation and backfill practices utilized during
home construction.

Vegetation in the residential areas includes conifer and deciduous trees, grass
lawns varying in quality with level of maintenance, some vegetable and flower gardens, and
native grasses in undeveloped or steeply sloping areas.



The meteorology of the site is dominated by mountain/valley drainage winds
related to the local topography. The orientation of the valley effectively channels winds in an
east-west direction. Nocturnal winds average 4.5 mph and tend to be from the east. Late
morning and afternoon winds are from the west and southwest, averaging approximately 8 mph.
The mean precipitation of the area ranges from 30.4 inches at Kellogg to 40.5 inches at the
nearby city of Wallace, 10 mile east (upstream) of the site. Data from the National Weather
Service collected from 1951 to 1980 show an annual mean temperature in Kellogg of 47.2
degrees F. A record high of 111 degrees F was reached on August 5, 1961, and a record low
of -36 degrees F on December 30, 1968. On the average, 28 days per year reach a high
temperature of 90 degrees F or greater, and 143 days reach a low reach a low of 32 degrees F
or less.

5.2 NATURE AND EXTENT OF CONTAMINATION

The scope of the Populated Areas RI included residential soil, fugitive dust
source, house dust, and air monitoring studies. Contaminants of concern for residential soils are
antimony, arsenic, cadmium, copper, lead, mercury, and zinc. Lead has been identified as the
primary contaminant of concern based on health studies.

Residential yard sou concentrations are presented in Table 5-1. The right-hand
column of the table presents background mean concentrations for comparison. Data from the
residential yards show that metal concentrations in surficial soils are greatly increased over
background. Residential soil contamination concentrations decrease with increasing distance from
the mill and smelter complex and result from a variety of historical industrial activities.
If the columns or type in the table(s) below appear misaligned, please press Ctrl-*-V and scroll
right to view. When done, press ESC to restore your original view.

TABLE 5-1
SUMMARY OF RESIDENTIAL SOIL METAL CONTAMINATION LEVELS -

PINEHURST
Concentration, pom, dry wt (ppm)

Arith Georn. Back ground
Metal Mean Median Mean 95%ile Min. Max. N Mean

As
Cd
Cu
Hg
Pb

30
6
43
0.5
683

21
6
40
0.4
501

23
5
39
0.4
463

73
13
85
1
1260

7
1
17
0.1
63

123 100 < 10
37 100 0.8
167 100 28
4 100 0.1
7990 100 43

Sb 9 7 8 19 5 41 100 1
Zn 474 394 389 1060 99 2300 100 95

Metal contamination to depths as great as 3 feet have been identified in residential
soils. Contamination sources at this depth are primarily alluvially deposited tailings.



Table 5-2 summarizes the percentage and number of properties within each
community with yard soil lead concentrations above 1,000 ppm.

Table 5-2 Residential Properties With Lead Concentrations Above 1,000 ppm Lead
(See Data in Original Document)

Soil samples collected from 40 different yards were analyzed for other potential
contaminants such as extractable organic compounds, chlorinated pesticides, PCBs, and mercury.
Most organic analytes were not detected. However, occasional detections were noted for
phthalate esters (plasticizer compounds), some polynuclear aromatic hydrocarbons (i.e.,
naphthalene, phenanthrene, fluonnthene, pyrene, benzo(b) fluoranthene, and benzo(a)pyrene as
constituents of fossil fuels and their combustion products), and polychlorinated bipehnyls (PCBs
as components of electrical transformer dielectric fluids). Chlorinated pesticides were detected
in several samples in each town. For those pesticides observed, the frequencies of detection
range from a low of 14 percent for aldrin, lindane, and heptachlor to a high of 100 percent for
DOT isomers and metabolites, chlordane, and heptachlor epoxide. Greatest concentrations and
frequencies of detection for pesticides in soils were found in Smelterville, Kellogg, and
Wardner, with significantly lower levels in Page. Presence of organic and pesticide contaminants
in residential soil could not be related to mining and industrial activities with the site.

Many residential streets and roads do not have paved curbs and sidewalks. Metals
concentrations from samples collected from the surface inch of the road shoulders are shown in
Table 5-3. Metals concentrations in roadside samples show considerable variation, both
geographically and within towns. Samples from Smelterville ranged from 249 to 60,100 ppm Pb;
3 to 487 ppm Cd; and 19 to 810 ppm As. Samples from the Sunnyside area of Kellogg (north
of 1-90) averaged 1,935 ppm Pb; 19 ppm Cd; and 71 ppm As. Old Town area (south of 1-90)
samples averaged 4,497 ppm Pb; 28.6 ppm Cd; and 81 ppm As. Wardner and Pinehurst area
samples were notably lower, averaging 1,385 ppm Pg; 15 ppm Cd; and 73 ppm As. Samples
of street sweeper dust showed lead contents from 1,560 to 2,230 ppm and zinc levels exceeding
10,000 ppm (1 percent).

Table 5-3 Summary of Road Shoulder and Railroad Right-of-Way
(See Data in Original Document)

In 1988 and 1989, efforts were undertaken to assess recontamination at sites
cleaned up in the summer of 1986. Removal actions implemented during 1986 included a 6-inch
removal of contaminated soils and replacement with clean materials and sod in parks and
playgrounds, and asphalting or gravel cover of roadsides and parking lots. Table 5-4 summarizes
the original (preremediation) lead concentrations, remedial material (clean fill) lead
concentrations, and the two recontamination assessment efforts.

Table 5-4 1986 "Fast-Track" Removal Efforts and Lead Recontamination Surveys
(See Data in Original Document)



The few sod samples collected suggest surface recontamination rates of 10 to 100
ppm/yr lead. No recontamination was evident in either the top inch or middle of the soil fill on
sodded sites or play fields. Some recontamination was evident at the interface or replaced soils
and top of the original cut. Whether this was due to contaminant migration, mixing at the time
of placement, or imprecise layering of the sample is unknown. Rudimentary modeling has
indicated that upward migration potential exists only in isolated areas where there is shallow
ground water.

Graveled areas, particularly those used as parking lots, showed significant
recontamination. Because of the low rates of surface deposition, these increases likely resulted
from the continual working of the original soil layers below the replacement materials or
tracking of contaminants onto the site by vehicles.

Migration and transport of contaminated solids from the industrial complex and
other fugitive dust sources are a major concern in both the Populated and Non-populated Areas
of the site. Windblown dusts are potentially significant contributors to contaminant
concentrations in human receptor media in the Populated Areas and have been identified as a
major source of public complaint. Many of the identified fugitive dust sources are barren soils
and impounded wastes and storage piles that can result in significant amounts of reentrained
dusts.

Eighteen major barren areas identified as having a potentially significant impact
on the residential areas were sampled during remedial investigations in 1986. Table 5-5 identifies
the areas sampled, the respective size of each area, the number of samples collected, summary
statistics for lead content in the minus 200mesh portion of the sample, and the average
percentage (by weight) that passed the 200-mesh sieve. Antimony, arsenic, cadmium, copper,
and zinc were also detected in all'samples collected. Locations of the fugitive dust source areas
samples are provided in Figure 5-1.

Table 5-5 Fugitive Dust Source Areas
(See Data in Original Document)

Potential Source Identification Map for Windblown Dusts
(See Figure 5-1 in Original Document)

Highest metal concentrations among fugitive dust sources were found adjacent to
the concentrator building, with the lead concentration averaging about 230,000 ppm (23 percent),
and arsenic and cadmium levels each at approximately 10,000 ppm (1 percent). Dust content for
this sample was high with 30 percent of the solids passing 200-mesh sieve. The surrounding
areas (11 and 12) also have relatively high metal contaminant levels that may be related to
emissions from the concentrator area. Barren areas near Shoshone Apartments (Areas 11) and
the Water Treatment Plant (Area 12) exhibit approximately 49,000 ppm (4.9 percent) and 43,000
ppm (4.3 percent) lead in surface dust, respectively. The arithmetic mean lead concentration for
all fugitive dust source areas is 28,400 ppm (2.8 percent). Source areas near the smelter complex



and throughout the river floodplain routinetly exhibited levels in excess of 2 percent lead.
Percent of sample solids to pass the 200-mess sieve ranged from 6 to 68 percent, averaging 30
percent for all samples.

Air monitoring was used to investigate air contaminant transport mechanisms. Air
monitor locations are shown in Figure 5-2. Total Suspended Paniculate (TSP) data are
summarized in Table 56. Metal content of filters collected on high dust event days (defined as
days with TSP> 150 ug/m3) is summarized in Table 57. The 19 days in 1987 where blowing
dust events were measured account for 43 percent of the Total Suspended Paniculate* (TSP)
loading for the entire 116-day sampling season. The single highest day (September 2, 1987)
alone accounted for nearly 10 percent of the total monitoring season loading. In 1989, the peak
10 days accounted for 48 percent of the loading for the 90day monitoring period.

Air Monitoring Locations
(See Figure 5-2 in Original Document)

Table 5-6 1987 and 1989 Air Monitoring Data TSP Data (ug/m-3)
(See Data in Original Document)

Table 5-7 Summary of Air Filter Metals Data (ug/m-3)-1987 and 1989 Event Monitoring
(See Data in Original Document)

Metal contaminant levels in house dusts are presented in Table 58. House dust
metal contamination, and especially lead contamination, has decreased markedly since 1974. For
example, the mean house dust lead concentration in Smelterville for 1974 was approximately
12,000 ppm (1.2 percent) and has decreased to a mean level in* 1988 that is one-tenth the 1974
value (1,200 ppm). Prior to 1981, during smelter operations, the primary route for house dust
lead contamination was airborne deposition of smelter lead paniculate matter. Since 1981, house
dust metals levels have been related to residential soil concentrations. Contaminated dust reach
homes via deposition of windblown dusts or mechanical translocation of contaminated residential
soils. Several studies indicated house dust lead levels in urban and smelter communities
(exclusive of those impacted by interior leaded paints) are depended on lead levels in residential
soils.

Table 5-8 Geometric Mean and Extreme House Dust Metal Concentrations 1974, 1975,
1983, and 1988 Lead Health Survey (ppm)

(See Data in Original Document)

5.3 CONTAMINANT MIGRATION

Soils within the site have been contaminated by heavy metals, to varying degrees,
through a combination of airborne paniculate deposition, alluvial deposition of tailings dumped



into the river by mining activities, and contaminant migration from onsite sources. Onsite
sources include the smelter facility, industrial complex, tailings and other waste piles, barren
hillsides, and other fugitive dust source areas located throughout the site. Since shutdown of the
smelter, contaminant migration pathways of primary concern are fugitive dust, flooding that
redeposits tailings into residential areas, water erosion that results in contaminated soil
movement off of the hillsides, and human activities that either exacerbate the previous pathways
or directly contaminate residential soils.

The current primary contaminant mechanism is airborne deposition of
contaminated dusts from fugitive dust sources in and adjacent to the mining/smelting complex.
Air monitoring information collected during RI/FS activities and summarized in the RADER
indicates that airborne dusts transported into the Populated Areas have concentrations ranging
from 1,000 to 20,000 ppm lead.

Total dry airborne paniculate deposition rates average 2,532 ug/m2/hr and 1,768
ug/m2/hr at the Smeltervilte Mine Timber and Kellogg Middle School monitoring sites,
respectively (Figure 52). Wet deposition rales averaged 484 and 487 ug/m2/hr at the Smelterville
and Kellogg sites, respectively. More than 80 percent of the total paniculate and more than 90
percent of most metals deposition occurs as dry deposition. The maximum dry deposition rate
observed was 12,595 ug/m2/hr at the Mine Timber site during the second week of September
1988. Only four metals were observed to have dry deposition rates consistently exceeding 1.0
ug/m2/hr. Those were iron, lead, manganese, and zinc with annual average deposition rates at
the Mine Timber site of 132, 12.7, 8.6, and 11.3 ug/m2/hr, respectively. The maximum weekly
lead deposition rate observed was 83.8 ug/m2/hr at the Mine Timber site, also occurring during
the second week of September.

The highest deposition rates were observed during the weeks that also included
the servere dust event days with Total Suspended Particulates (TSP) > 150 ug/m3 shown in
Table 5-9. The 1988 data confirm that both total solids and contaminant paniculate deposition
seem to be event-related in a manner similar to the TSP and ambient air metals concentration
discussed in the last section. At both sites, more than 25 percent of the total annual solids
deposition occurred in four individual weeks in 1988. Those included 1 week in each of May,
August, September, and October. The same weeks accounted for 31 percent of total lead, 18
percent of total cadmium, and 29 percent of total arsenic deposition. The 1988 seasonal data also
showed a frequency and magnitude of severe dust events (TSP >300 ug/m3) similar to that
observed in 1987, but absent in 1989.

Table 5-9 Individual Filters with TSP > 150 ug/m-3 November 1987 to November 1988
(See Data in Original Document)

These results suggest that deposition, similar to TSP, is eventrelated with the bulk
of deposited solids and meals coming as a result of high wind speeds impacting barren dust
sources in the vicinity of the monitors.

Water erosion of hillsides near the smelter complex is a migration pathway to



residential soil, particularly in yards abutting hill slopes. Mass loading rates are high along these
steep barren locations where sheet and rill erosion with gullying are significant. Metals contents
on the hillsides average 5,000 mm lead.

Lead teachability from residential soils was determined by Extraction Procedure
(HP) Toxicity, and Toxicity Characteristic Leaching Procedure (TCLP) analyses. These tests are
used to determine if a material should be considered a hazardous waste pursuant to the Resource
Conservation and Recovery Act (RCRA) and, consequently, subject to RCRA storage and
disposal requirements. Results showed 3 out of 23 EP Toxicity samples exceeded the RCRA lead
threshold level of 5 ppm. Two of the six TCLP samples exceeded the threshold levels for lead.

6 SUMMARY OF SITE RISKS

6.1 HUMAN HEALTH RISKS

The RADER presents a detailed discussion of the risk assessment for the
Populated Areas. In the RADER, both carcinogenic and noncarcinogenic effects of contaminant
exposures are evaluated. A Non-populated Areas risk assessment is being conducted in concert
with the Non-populated Areas RI/FS.

6.1.1 EXPOSURE ASSESSMENT

The contaminants used in the exposure evaluation and risk assessment are all
metals that exhibit: 1) elevated concentrations in residential soils and dusts relative to
background concentrations; 2) decreasing concentrations in environmental media with increasing
distance from the industrial complex; and 3) potential for human toxicity following incidental
and chronic exposures. Contaminants of concern include antimony, arsenic, cadmium, copper,
lead, mercury, and zinc.

Receptor populations at risk are identified as the current and past residents of the
Populated Areas of the site. Three groups have been evaluated in terms of contaminant exposures
and consequent risks. These are:

1) A general population of residents that are assumed to live, since birth, under the
conditions represented by the contamination levels found since 1983 for a 70-year lifetime
(referred to as the current scenario which would also be a future scenario under the No Action
Alternative)

2) A general population of residents who were bom in 1971 and were 2 years old
during the period of maximum exposure onsite and who remain onsite under current conditions
for a 70-year lifetime (referred to as the historical scenario)

3) A sensitive subpopulation of children exposed to lead

Historical exposures, since 1971, were evaluated because of documented high



contaminant concentrations during 1973-1975. Airborne lead concentrations were approximately
100 times greater during this period than current levels. Consideration of these exposures is
critical for evaluating the potential chronic risks of metal contaminants on the population.

Both the current and historical populations (numbers 1 and 2 above) are
representative of baseline conditions-those conditions under which no remedial action has been
undertaken (the No Action Alternative).

The principal exposure media and associated receptor pathways characterized for
the evaluation of base-line human health risk for the typical resident in the Populated Areas of
the Bunker Hill site are:

o Digestion of residential surficial yard soils

o Ingestion of house dusts

o Inhalation of air paniculate matter

o Consumption of national market basket variety produce (foodstuffs available on
supermarket shelves representing food of average consumers) and water ingestion from public
water supplies (public water is supplied from a surface water source outside site boundaries)

Additional exposures that could be experienced by members of the population who
engage in potentially high-risk activities are evaluated as incremental exposures. The following
incremental exposures were evaluated:

o Consumption of contaminated local groundwater

o Ingestion of other soil/dust at extreme (95th percentile concentration) residential
soil and house dust concentrations

o Ingestion of extreme amounts (1 gm/day) of soil and dust during childhood
(typical of "pica-type" behavior)

o Consumption of local fish from the Coeur d'Alene area

o Consumption of local vegetable garden produce

o Inhalation of out door air paniculate matter during episodic, high wind events

To determine an individual's level of risk resulting from participation in
potentially high-risk activities, the appropriate incremental risk(s) were added to the baseline
estimate. If an individual does not engage in any of the incremental activities evaluated, then the
risk to that individual would be the baseline estimate. The incremental exposure analysis can be
used to determine the Reasonable Maximum Exposure scenario for the Populated Areas.



Exposure and consequent risks were evaluated for each of the two baseline periods
(current and historical) in three separate areas (Smelterville, Kellogg/Wardner/Page, and
Pinehurst) for the average or typical population. The risk assessment was completed assuming
current land uses would continue to be residential.

Lifetime or chronic exposures were evaluated for the typical resident by estimating
contaminant intakes using avaerage media concentrations (see Table 6-1). For this evaluation,
arithmetic mean concentrations for exposure media were used to represent average or typical
long-term exposure levels. For residential soil and house dust exposures, geometric mean
concentrations were calculated and used for evaluating typical long-term exposures. Geometric
mean values for these media are expected to be more representative of average expsoures
because of the statistical distributions exhibited by soil and house dust metal concentrations.

Table 6-1 Contaminants Evaluated, Exposure Routes and Sources, and Exposure
Scenarios Addressed in the Risk Assessment

(See Data in Original Document)

Chronic exposures at extreme levels are not expected for the typical resident.
Therefore, chronic exposures to extreme concentrations of site contaminants are not evaluated
in the baseline chronic assessment. Extreme media concentrations represented at 95th percentile
levels were evaluated as incremental and subschronic exposures.

The traditional approach for risk characterization associated with lead exposure
is currently inappropriate because an acceptable Reference Dose (RfD) for lead is not available.
Therefore, risk characterization for subchronic lead exposure was accomplished by using
observed childhood population blood lead levels and environmental media lead concentrations
collected over the last 17 yean in an integrated uptake/biolrinetic doseresponse model. The
model was used to relate childhood blood lead levels to contaminated media exposures. Model
inputs and criteria were selected and validated using site-specific data as described in the
RADER.

Table 6-1 presents a summary of contaminants of concern, exposure routes and
sources, and scenarios addressed in the exposure evaluation and risk assessment.

6.1.2 TOXICITY ASSESSMENT

A detailed discussion of the toxicity of site contaminants is presented in Section
3.5 of the Protocol Document Table 6-2 provides a summary of the most sensitive effects for
each of the seven site contaminants of concern.

Table 6-2 Summary of Most Sensitive Adverse Health Effects of Site Contaminants of
Concern

(See Data in Original Document)



Tables 6-3 and 6-4 summarize the available Cancer Potency Factors (CPFs) and
Reference Doses (RfDs) for the site contaminants of concern. These values were obtained from
the Health Effects Summary Tables and Integrated Risk Information System.

Table 6-3 Available CPFs for Site Contaminants of Concern
(See Data in Original Document)

Table 6-4 Noncarcinogenic Effects and Associated RfDs for Site Contaminants of
Concern

(See Data in Original Document)

6.1.3 RISK CHARACTERIZATION

6.1.3.1 Carcinogenic Risk

Excess lifetime cancer risks are determined by multiplying the intake level with
the cancer potency factor. These risks are probabilities that are generally expressed in scientific
notation (e.g., lxlOE-6). An excess lifetime cancer risk of 1 x 10E-6 means that if a population
of 1 million people were exposed to the baseline condition over a 70-year lifetime, it is expected
that there would be one additional cancer above the cancer events due to others causes. The
current U.S. cancer rate is one in four. Therefore, in a population of 1 million people, 250,000
cancer events are predicted. Under a 10-6 risk scenario, 250,001 cancer events would be
predicted.

Results of the chronic exposure and risk characterization indicate that excess
(above background) carcinogenic risk is associated with baseline exposures and consequent
intakes for arsenic and cadmium in air. Total baseline (70-year lifetime) risk to lung cancer, due
to inhalation of arsenic and cadmium under current site conditions, is from 2 to 32 times greater
than for offsite background. Under the historical scenario, risk to lung cancer was two to six
times greater than the current scenario for the same communities. Baseline cancer risk estimates
indicate that the typical population exceeds U.S. EPA's acceptable range for cancer risk (10E-4
to 10E-6).

Acceptable levels of risk to lung cancer may never be attained at any future
arsenic and cadmium air levels for those individuals who have had considerable historical and
cumulative exposures. Tumor registry data support the presence of a disease-causing agent for
the increased occurrence of respiratory cancers in the area.

Baseline carcinogenic risk due to site exposures is approximately 30 percent
greater than background carcinogenic risk (9.8 x 10E-4). Baseline carcinogenic risk in
conjunction with the consumption of site groundwater in Smelterville and Kellogg due to arsenic
intakes could result in a doubling of the risk associated with background exposures. Excess
health risk due to arsenic in groundwater makes this source unsuitable for drinking in many



areas of the site. Groundwater is not currently used as a municipal drinking water source.

Table 6-5 presents a summary of the baseline and incremental carcinogenic risk
estimates.

Table 6-5 Summary of Baseline and Incremental Carcinogenic Risk Estimates
(See Data in Original Document)

6.1.3.2 Noncarcinogenic Risk

Potential concern for noncarcinogenic effects of a single contaminant in a single
medium is expressed as the hazardous quotient (HQ). By adding the HQs for all contaminants
within a medium or across all media to which a given population may reasonably be exposed,
the Hazard Index (HI) can be generated. The HI provides a useful reference point for gauging
the potential significance of multiple contaminants exposures within a single medium or across
media. Excess risk is determined to be where the HI is greater than or equal to 1.0.

All estimated baseline noncarcinogenic risks for specific toxic endpoints and target
organs resulting from oral intakes of site contaminants of concern have been determined to be
acceptable (HI < 1).

Potential activities that could result in unacceptable risk to noncarcinogenic disease
are associated with metal intakes resulting from consumption of site groundwater, excessive soil
and dust ingestion by children, and consumption of local garden produce.

Table 6-6 presents the summary of excess risks evaluated in the noncarcinogenic
risk assessment.

Table 6-6 Summary of Exposure Routes, Scenarios, and Potentially High-Risk Activities
That Could Result in Unacceptable Chronic Risk to Noncarcinogenic Disease

(See Data in Original Document)

6.1.3.3 Subchronic EjipotufB

The most recent lead health survey of area children indicates that current blood
lead levels for many children exceed levels at which adverse health effects are associated. In
1990, 2 of 362 children had blood lead levels exceeding 25 ug/dl. Fifty percent (50%) of the
children within an approximate 2-mile radius of the industrial complex had blood lead levels
exceeding 10 ug/dl. Thirty percent (30%) of the children within the 2- to 3-mile radius of the
industrial complex had blood lead levels exceeding 10 ug/dl.

CDC's 1985 Health Advisory for Blood Lead Levels states that 'a blood lead level
in children of 25 ug/dl or above indicates excessive lead absorption and constitutes grounds for
medical intervention." Recent information indicates that advene health effects are associated



with blood lead levels at 10 to 15 ug/dl, or possibly lower. CDC is expected to establish 10
ug/dl as the level above which action should be taken. In addition, ATSDR is supportive of the
goal of reducing childhood blood lead levels to below 10 ug/dl.

A review of past exposures and health survey data at the Bunker Hill site indicates
that during extreme exposures in the early to mid-1970s, up to 80 percent of the children
exhibited blood lead levels that are associated with adverse neurobehavioral development that
persists into young adulthood. Additional concern for past lead exposures (prior to smelter
closure in 1981) is due to the potential release of lead from normal bone resorption during
pregnancy and lactation and the resultant pre- and post-natalexposures to children who are bom
today of mothers who were exposed as children in the 1970s.

Subchronic exposures and consequent intakes could increase health risks in the
short term to levels well above those estimated for baseline chronic risks. Ingestion of extreme
amounts of soil and dust during childhood (ages 2 to 6 yean), characterized as "pica-type*
behavior, could yield up to 10 times greater metal intakes than for the typical child. These
extreme intakes due to soil/dust ingestion could amount to approximately 2 mg Pb/day, resulting
in dangerous blood lead increases in young children. "Pica-type" behavior could present extreme
risk to this highly susceptible sub-group of the population, and requires control if observed.

Consumption of local garden produce can yield extreme intakes of cadmium, lead
and zinc. Up to 220 times as much lead can be ingested from the consumption of local garden
vegetables grown in Smelterville and Kellogg venus that associated with the consumption of
national market basket variety produce. Children and pregnant women (as surrogates to the fetus)
are most susceptible to the advene effects associated with consequent lead intakes. Up to 62
times as much cadmium can be consumed in local garden produce venus market basket variety
produce, thus presenting unacceptable chronic and subchronic risk to renal disease.

6.1.4 HUMAN HEALTH RISK SUMMARY

In summary, the conclusions of the RADER state that current site conditions
present an environment where there are excessive risks associated with several different exposure
pathways. These are:

o Carcinogenic risk associated with exposure to:

o Arsenic via potential groundwater consumption

o Arsenic and cadmium via inhalation

o Chronic noncarcinogenic risk associated with exposure to:

o Arsenic, cadmium, and zinc via potential groundwater consumption

o Antimony, cadmium, mercury, and lead via excessive soil and dust



mgestion (characterized by "pica-typed" behavior)

o Cadmium and lead via local garden produce consumption

o Subchronic noncarcinogenic risk associated with exposure to:

o Lead via ingestion of soil and dust

o Cadmium, lead, and zinc via local garden produce consumption

Subchronic lead absorption among young children is the most significant health risk posed
by this site.

The major routes for lead absorption are:

o Ingestion of contaminated soils in residential yards and other residential environs

o Ingestion of contaminated house dusts that are resultant from tracking of
residential soils and deposition of airborne paniculate

o Inhalation and ingestion of airborne paniculate matter derived from fugitive dust
sources throughout the site

6.1.5 THE 1,000 PPM THRESHOLD CLEANUP LEVEL

A remedial action objective for this operable unit is to decrease the exposure to
lead-contaminated residential soils such that 95 percent or more of the children in the area have
blood lead levels below 10 ug/dl and that less than 1 percent have blood leads greater than 15
ug/dl. The 1,000 pom lead cleanup threshold level selected for yard soil remediation at Bunker
Hill is a site-specific and media-specific value chosen to meet these objectives. This level is not
a target exposure concentration. Rather, it is the maximum soil lead level that any child may be
exposed to in his or her home yard. This should not be construed to suggest that this level is
health protective for soils at other sites, or other soil and dust media at the Bunker Hill site. A
child living on an unremediated yard of 1,000 ppm is estimated to have a 0.1 to 2.5 percent
(depending on various assumptions) chance of exceeding 15 ug/dl blood lead in the Bunker Hill
post-remediation environment. The following are several reasons why this solution applies only
for residential yard soils and only at this particular site:

Response Rate: The response rate value for this site was arrived at after extensive
review of epidemiologic and environmental data collected at the site for more than 15 yean.
Analyses of those data suggest that the dose-response relations between contaminated soils and
dusts and resultant blood lead levels in children is about half that observed at other
lead-contaminated sites. Whether the lesser response rate is due to reduced intake (lower soils
and dust ingestion rates) or reduced uptakes (lesser absorption of ingested lead in soils) cannot
be discerned from the data. The selection of the 1,000 ppm threshold level assumes the latter



(i.e., reduced absorption rates at this site).

Total Lead Intake: Predicted blood lead level resultant from remedial activities
are based on total lead intake from all media. The four principal pathways are lead in diet,
drinking water, air, and soils and dusts. The effectiveness of the 1,000 ppm threshold level for
yard soils is dependent on several assumptions regarding reduced intakes along other pathways.
Some of those assumptions are based on assessments of other remedial activities on the site and
substantial reductions in dietary intake achieved from nationwide lead reduction initiatives. Those
assumptions may not apply to other sites.

Composite Soil/Dust Lead Concentrations: Analyses presented in the RADER
suggest that the composite concentrations of lead in all the soils and dusts ingested by children
must be reduced to 700 to 1,200 ppm at this site to meet the remedial action objective of less
than 5 percent of children having a blood lead of greater than 10 ug/dl. There are several
contributing sources to this overall soil and dust loading. Those include yard soils, house dusts,
road dusts, play area soils, fugitive dust sources, and other soils in the community where
children may congregate. Residential yard soils are an important component of the overall soil
and dust loading. A substantial portion of children's exposure results from direct contact in the
yard. A substantial portion of house dust loading results from yard soils transported into the
home and additional children's exposure results from visits to yards other than their own home.
Yard soils may also be a source of contaminated dusts circulating through the community via
air, water, and mechanical pathways. Removing all yard soils greater than 1,000 ppm will have
positive effects along all these pathways and routes of exposure. However, achieving the
remedial action objectives will require additional activities among the soil and dust sources other
than yard soils. Those actions are specific to this site and may not be applicable to other locales.

Distribution of Yard Sou Lead Concentration: The effectiveness of the cleanup
strategy in meeting remedial action objectives depends on the post-remediation distribution of
contaminant levels. That distribution will be site-specific and, likely, inapplicable to other
locations. The imposition of the 1,000 ppm cleanup threshold at the Bunker Hill site will result
in remediation of more than 75 percent of the yards in most residential areas. The mean yard
soil lead concentrations in area communities will be reduced from nearly 3,000 ppm to less than
200 to 300 ppm. This represents a tremendous reduction in total environmental lead loading in
the community and should have positive effects in other media as well. Substantial benefit will
result in the form of reduced exposure from several sources.

Actual or threatened releases of hazardous substances from this site, if not
addressed by implementing the response action selected in this ROD, may present an imminent
and substantial endangerment to public health, welfare, or the environment.

6.2 ENVIRONMENTAL RISKS

This Record of Decision addresses the remediation of residential soils within the
Populated Areas of the Bunker Hill Superfund Site. There are no critical habitats or endangered
species or habitats affected by residential soils contamination or anticipated effects caused by



future remediation. An ecological risk assessment is being conducted as pan of the
Non-populated Areas RI/FS.

The urban component of the ecosystem at Bunker Hill has been impacted by
historical mining and smelting activities. The average heavy metal concentrations in residential
soils and community road shoulders are higher than on the hillsides portion of the site. Many
of the residential soils have metal concentrations capable of inducing lexicological effects on soil
micro-organisms, invertebrates, and plants. Comparative concentrations in various other soil
types have resulted in reduced productivity, yields, decomposition, and nutrient cycling rates.
Other animals that inhabit the urban areas such as field mich and squirrels, as well as cats and
dogs, are susceptible to ingestion of residential soils with an increased risk of chemical stress.

Management of soil and vegetation at Bunker Hill can facilitate natural and
favorable conditions within the urban ecosystem by reducing the mobility of contaminants and
their potential for inducing chemical stress. The replacement of residential soils and vegetation
is expected to enhance the micro-habitat niches for the flora and fauna that use them.

7 DETAILED DESCRIPTION OF ALTERNATIVES

This proposed cleanup action involves residential yards, an area that is typically
used for many different activities and purposes. While it is important that the cleanup action
block the routes by which people come in contact with contaminants in the soil, it is also
important that the cleanup action allow residents to use their yards for their many purposes. For
example, while a concrete or asphalt layer would block the pathway between the contamination
and residents, it would make it impossible for residents to use their yards for typical activities,
such as planting and gardening. Therefore, except for the No Action Alternative, all of the
alternatives are designed to reduce human exposure to contamination, while maintaining the
integrity of the individual yards.

7.1 ALTERNATIVE l-NO ACTION

The No Action Alternative provides a baseline for comparing against other
alternatives. The site would be left in its current condition. Existing institutional controls, such
as the Health Intervention Program, would be discontinued. Because no remedial activities would
be implemented with the No Action Alternative, long-term human health and environmental risks
from residential soils at the site would be essentially the same as those identified in the RADER:

o Significant health risks to young children associated with exposure to ingestion
of contaminated soil, ingestion of contaminated house dusts, and inhalation and ingestion of
airborne paniculate matter would maintain currently unacceptable health conditions and could
result in dangerous blood lead increases in young children.

o Excessive soil and dust ingestion by "pica-type" children could result in toxic
effects due to antimony, cadmium, and lead.



o Consumption of local produce can increase intakes of cadmium, lead, and zinc,
resulting in neurological and renal disease.

Unacceptable high blood lead concentrations in some children would probably
continue and the potential of increases in blood lead concentrations could increase because of
the termination of the health intervention program.

Environmental monitoring would be conducted under the No Action Alternative.
Environmental monitoring would occur for the following media:
If the columns or type in the table(s) below appear misaligned, please press Ctrl+V and scroll
right to view. When done, press ESC to restore your original view.

Media Parameters

Air Suspended particulates, Pb and As concentrations
Residential Soils Contaminant metals concentrations

Sampling locations would be consistent with previous sample collection sites to
provide a basis for historic comparison. In addition to monitoring environmental media it is
expected that childrens' blood would continue to be screened for lead.

7.2 COMMON COMPONENTS OF ALTERNATIVES 3- -VARIABLE
CUT/REMOVE/FILL/DISPOSAL; 3-SOD REMOVAL/SOD REPLACEMENT/DISPOSAL;
6 - - D E E P R E M O V A L / F I L L / D I S P O S A L ; A N D 8 - - V A R I A B L E
CUT/REMOVE/FILL/TREAT/DISPOSAL

All of the remaining alternatives have components in common (use of institutional
controls, revegetation, dust suppression, excavation/backfill, extent of remediation, disposal, and
monitoring). Although the description of these components is not repeated in the discussions for
each alternative, differences in their planned implementation are identified where appropriate.
ARARs for all alternatives are similar and are discussed in Section 10. Each of these common
components is discussed below.

7.2.1 INSTITUTIONAL CONTROLS

Institutional controls would be implemented to a certain degree with each
alternative. The reliance on institutional controls is dependent on the remedial action
technologies employed and their long-term effectiveness in protecting human health and the
environment. The detailed evaluation of the proposed institutional controls are included in the
document entitled An Evaluation of Institutional Controls for the Populated Areas of Bunker Hill
Superfund Site, which is part of tile Residential Soils Administrative Record.

The range of institutional controls consists of the following components:



o Deed notices

o Public education

o Excavation regulations and permits

o Health intervention program

o Contaminated soil collection system

o Clean soil supply system

o Post-cleanup administration and evaluation

o Sod maintenance ordinances

o Lawn maintenance contracting

7.2.2 REVEGETATION

Revegetation of residential yards is a component of each alternative. The lawn
areas of remediated yards would generally be revegetated with sod. Steep hillsides and other
remediated areas not currently planted with lawns (such as vacant lots) would be stabilized and
hydroseeded with native grasses. Native grasses require less maintenance and are more tolerant
of the local climatic conditions. If preferred by a property owner, hydroseeding with native
grasses could be substituted for the sod. To the extent practicable, all yard landscaping would
be returned to its original condition.

7.2.3 DUST SUPPRESSION DURING REMEDIATION

Dust suppression measures would be implemented throughout the remediation
process to reduce exposure of workers and residents to airborne contaminants. Dust suppression
would include:

o Watering of residential yard areas prior to excavation activities

o Continued watering during excavation, as necessary

o Placement of tarps or covers over excavated materials

o Use of tarps or coven over truck beds to reduce blowing dust and spillage during
transportation to the waste repository

o Daily cleanup of all spilled or tracked soils from sidewalks, roadways, etc.



Appropriate air monitoring would be conducted to identify the occurrence of
contaminant migration during remedial activities. Any exceedances of the standards would result
in immediate implementation of additional dust suppression measures or a shutdown of
construction activities.

7.2.4 EXCAVATION/BACKFILL/COVER

For all alternatives, remediation of residential yards would be completed by either
covering with a layer of uncontaminated soil or by removing and replacing contaminated soil or
sod with uncontaminated materials.

A range of alternatives was developed to provide decisionmaken with several
options. Alternative 5 is an option with minimal soil removal and replacement. A 12-inch
removal and replacement is presented in Alternative 3. A 6-inch soil barrier was considered
during the development of Alternative 3. However, it was concluded that a 6-inch depth is
insufficient to provide a viable option as a barrier technology in a residential area, if the
underlying material is contaminated. This is because a 6inch barrier could be penetrated by such
common occurrences as a digging dog, a homeowner planting bulbs, or children's play activities.
To complete the range of alternatives, Alternative 6 was developed to evaluate deep removal of
contaminated materials.

7.2.5 EXTENT OF REMEDIATION

For all of the alternatives, the areal extent of remediation would be consistent. For
each residential yard, the exact nature of the remediation (e.g., how much sod to replace, which
bushes to remove, etc.) would have to be considered on a case-by-case basis. However, for
consistency, the following areas would generally be remediated within each yard:

o Sod areas

o Roadway shoulder (if curb and gutter is not present) to the extension of the lot
lines

o Alleys (if unptved) to the extension of the lot lines

o Planters and other landscaped areas

o Garden areas

o Unpaved driveways

o Garages with dirt floors

o Storage areas



In short, remediation would occur in any area within and adjacent to the
residential yard where children could play and could potentially come in contact with
contaminated soils. Areas that currently provide a barrier from the underlying soils (such as
paved sidewalks and driveways) would not require remediation.

7.2.6 DISPOSAL

The proposed site for disposal of contaminated residential soils for all alternatives
is the Page Ponds tailings impoundment. Page Ponds is an old tailing impoundment that is
currently the site of the South Fork Coeur d'Alene Sewer District treatment facility. On either
side of the sewage lagoons are "benches* that are primarily tailings, denuded of vegetation, and
consequently are a source of windblown dust to the valley. The benches (east and west dikes)
is the area recommended for the residential soils repository. Consolidation of residential soils
and sod onto the Page benches will contribute to reducing fugitive windblown dust throughout
the valley.

Since the volume of material requiring disposal will vary with the selected
alternative, the volume of soil wastes may exceed the capacity of the Page benches. In that case,
an additional disposal site will need to be used to supplement the disposal capacity of Page Ponds
since the approximate capacity of Page Ponds is 860,000 cubic yards.

The disposal site will have an impermeable cap or cover (i.e., one that is designed
to minimize migration of contaminants) placed during closure. The long-term management of
the area will include maintenance of the cover and groundwater monitoring. In addition, access
restrictions and land use restrictions and/or notices will be used to ensure that future use of the
property is not incompatible with residential soils repository.

7.2.7 ENVIRONMENTAL MONITORING

Regardless of the alternative selected, contaminated materials will remain within
the residential areas of the site. Alternative 6, which requires deep excavation to remove
materials, will most likely not remove all contaminated material. Therefore, environmental
monitoring will be continued at the site for an indefinite period. It is estimated that
environmental monitoring of fugitive dust and residential soil and litter would continue.
Monitoring will occur at previous sampling locations to provide a basis or historical
comparisons. It is expected that blood lead levels would also be monitored. For cost estimating
purposes, it is assumed that a greater extent and frequency of sampling will be required in
Alternative 5 than the other alternatives, since it would place only a sod layer barrier between
the contaminants and the residents.

7.3 ALTERNATIVE 3-VARIABLE CUT/REMOVE/FILL/DISPOSAL

Alternative 3 consists of the following options:



o A 2-inch gravel barrier and 10-inch cover without soil excavation

o A 2-inch gravel barrier installation, and a 10-inch soil replacement after
excavation and removal of up to 12 inches of soil (yards would be above grade for excavations
less than 12 inches)

Both options are similar in that each incorporates a combination of a visual barrier
and a separate soil cover. They differ in where they can be applied to a residential yard because
of drainage and homeowner considerations. Whatever the excavation depth, this alternative will
result in the placement of a minimum of 12 inches of clean material.

The option of a gravel/soil cover barrier without additional soil excavation is
preferred because it minimizes the volume of contaminated soil requiring disposal. A 2-inch
clean gravel layer with a 10-inch soil cover would be selected for implementation at residences
in which the foundation is high enough in relation to existing grade to allow its use, where
permission is granted by the respective property owner, and at residences where drainage is not
a problem.

The cover would consist of 2 inches of clean gravel overlain by 10 inches of clean
topsoil from an offsite borrow source. The gravel layer would provide a visual and physical
barrier indicating to the landowner that the bottom of the remediated soils had been reached,
isolating the underlying contaminants from inadvertent exposure. Also, the gravel layer would
act to some degree as a capillary barrier to the subsurface migration of metals. Clean fill would
be revegetated by sodding. To the extent practicable, the yard landscaping would be returned
to its original condition.

A 24-inch layer of topsoil would be placed in established garden areas since some
plant roots and tubers extend below 12 inches, but generally less than 24 inches. Future activities
that penetrate the 12-inch cover, such as utility line installation, planting of larger trees and
shrubs, and basement or foundation excavation, would be controlled through ordinances
regulating excavation, as detailed under Section 7.2.1, Institutional Controls.

For those residences in which a simple gravel barrier/soil covering cannot be
implemented, contaminated soils would be excavated and replaced with a clean gravel/topsoil
barrier. Various depths of excavation and fill would be necessary based on site conditions:

o Excavate 12 inches; replace with 2 inches of gravel and 10 inches of soil.

o Excavate less than 12 inches; replace with 2 inches of gravel and 10 inches of soil
(finished grade would be above existing grades).

o Excavate 24 inches, replace with 2 inches of gravel and 22 inches of soils (for
established garden areas).

The choice of excavating to less than 12 inches is dependent upon the yard grade
in relation to the house floor grade and depth of contamination. Under most circumstances,



building codes do not allow yard grades to be higher than house floor grades. The next step to
implementing this alternative would be to excavate soils to the selected depth below the ground
surface. All sod or other surface coverings, except for pavements, would be removed and
disposed of along with the soil. Large trees (4-inch diameter and larger) and shrubs (taller than
3 feet) would be saved, if possible. Trees and shrubs left in place would be trimmed back and
contaminated soil would be removed by hand from around the roots. The "clean" soil used to
replace the excavated soil would meet borrow source and landscaping specifications. Backfilled
areas that were previously lawn areas would generally be revegetated with sod. In some
backfilled areas it may be more appropriate to revegetated using hydroseeding with native
grasses (steep hillsides, vacant lots, etc.) To the extent practicable, however, the yard
landscaping would be returned to its original condition.

The volume of material to be disposed is estimated to be 640,000 cubic yards.

Regardless of the option employed under Alternative 3, environmental monitoring
of fugitive dust, residential soils, house dusts, and periodic blood lead analyses of residents
would be continued. Monitoring would occur at previous sampling locations to provides a basis
for historical comparison.

7.4 ALTERNATIVE 5-SOD REMOVAL/SOD REPLACEMENT/DISPOSAL

Alternative 5 consists of contaminated sod removal and replacement.

Residential yards would be cleared and grubbed, which includes removal of sod,
brush, and stumps. Alternative 5 would not include any removal of contaminated soils or
replacement with clean soils in grassed areas. The clean sod would be placed over the top of
contaminated soils. To the extent practicable, the yard landscaping would be returned to its
original condition.

Ail areas not to be covered with new sod would be remediated using
excavated/replace/dispose techniques. Areas such as planters and graveled area would be
excavated to 6 inches. Garden areas would be excavated to 24 inches and backfilled with clean
soil, similar to Alternative 3. Contaminated materials would be disposed of in the Page Ponds
Repository. The estimated volume for disposal would be 203,500 cubic yards. Clean fill from
an offsite borrow source would be used to replace the excavated materials.

Future activities that penetrate the clean sod layer, such as utility line installation,
planting of trees and shrubs, and basement or foundation excavation, would be controlled
through ordinances regulating excavation, as detailed under Section 7.2.1, Institutional Controls.
Additional institutional control would have to be implemented with Alternative 5 to maintain the
long-term viability of the sod layer. These controls would include ordinances requiring
homeowners to water and maintain the replacement sod to an acceptable level. Additional
inspection would be required by the various government entities to ensure that the sod
maintenance ordinances were effectively enforced. A professional lawn maintenance company
would be retained to advise and assist the homeowners with proper sod maintenance. The lawn
maintenance company would also provide and apply the necessary fertilizers and chemicals to



ensure the health and vigor of the sod barrier. Environmental monitoring after remediation
would be continued.

7.5 ALTERNATIVE 6--DEEP REMOVAL/FILL/DISPOSAL

Alternative 6 includes removal of contaminated soil to a depth of 7 feet and
replacement with clean material. Although this is a deep removal, there may be contaminants
left mplacc in some areas.

The institutional controls requirement with this alternative would be considerably
reduced. Since contaminated residential soils would be removed to a depth of 7 feet, future
institutional controls for residential yards would be minimized. The public information and health
intervention programs would be required, but at a reduced level. Environmental monitoring
would be continued.

For residential yards, all contaminated soils would be excavated and replaced with
clean soil. The depth of excavation would be determined on a site-by-site basis. The excavation
would extend to a depth at which the threshold level was reached or to approximately 7 feet.

Prior to excavation activities, the depth and concentration of lead contamination
would be determined in areas to be remediated. Selection of sampling strategy and depth of soil
removal would be a function of the remedial design/remedial action process.

Once excavation and fill depths are selected, the next step to implement this
alternative would be to excavate soils to the selected depth below the ground surface. All sod
or other surface coverings would be removed and disposed of along with the soil. The need to
remove and replace pavements and sidewalks would be determined on a case-by-case basis. All
trees and shrubs would be removed. The soil used to replace the excavated soil would consist
of clean soil from an offsite borrow source. Backfilled areas would be revegeuted. To the extent
practicable, the yard landscaping would be returned to its original condition.

Soil, sod, and other materials that are removed would be disposed at an
appropriate disposal site. It is estimated that Alternative 6 would generate 4.45 million cubic
yards of wastes. Preliminary estimates indicate that approximately 860,000 cubic yards of wastes
could be disposed of at the Fife Ponds Repository. This means that approximately 3.6 million
cubic yards of wastes would have to de disposed of at another site, if Alternative 6 is
implemented.

Special care would have to be taken when excavating near foundations, basements,
and utilities to avoid damage to existing structures and facilities. Temporary shoring and
supports may be required. It may be advantageous to remove and replace utility lines, rather
than shore and support them during construction.

Because of the inconvenience to the residents and potential liabilities associated
with this alternative, the residents would be temporarily relocated during construction. The
relocation would be to local motels or hotels and would be expected to last 2 to 3 weeks for an



average residential yard remediation.

7 . 6 A L T E R N A T I V E 8 - - V A R U B L E
CUT/REMOVE/FILL/TREAT/DISPOSAL

Alternative 8 identical to Alternative 3 except that the excavated soils would be
treated with pozzolanic agents prior to disposal.

L: Alternative 8, excavated soils would be mixed with pozzolanic agents in a pug
mill prior to disposal. The addition of pozzolanic agents will tend to solidify contaminated soils
and may reduce contaminant mobility. If this alternative is chosen, treatability studies would be
conducted to determine if these soils are amenable to pozzolanic fixation, and if pozzolanic
fixation will adequately reduce contaminant mobility. Environmental monitoring would be
continued at predetermined intervals. The volume of material to be disposed would increase
approximately 50 percent from 640,000 cubic yards to 960,000 cubic yards as a result of
pozzolanic treatment.

8 COMPARATIVE ANALYSIS OF ALTERNATIVES

A comparative analysis of alternatives using each of the nine evaluation criteria,
as required by federal regulation, is presented in this section. The purpose of this analysis is to
identify the advantages and disadvantages of each alternative relative to the other alternatives.
A separate evaluation of the alternatives is presented under the heading of each criterion.

8.1 PROTECTION OF HUMAN HEALTH AND ENVIRONMENT

Protection of human health and the environment is addressed to varying degrees
by the five proposed alternatives. Alternative 1 is the No Action Alternative. As proposed, it
would have no effect on the site; therefore, it does not address any of the identified concerns.
Indeed, an increase in blood lead concentrations over time could occur.

Alternative 3, 6, and 8 provide protection of human health through installation of
a soil and sod barrier between residents and underlying contaminated materials. All three address
the concerns of exposure through direct contact with soil contaminants or tracking contaminated
residential soil into homes as a source of house dust. Alternative 5 addresses these concerns, but
to a lesser extent than the others because of the requirement for rigorous maintenance. All
alternatives address the exposure pathway of local garden produce.

None of the alternatives would alter the toxicity or persistence of the soil
contaminants. Alternative 8 does include a treatment plan for excavated soils that would solidify
the soils once they are removed from the site and may reduce mobility.

In general, permanence of remedial actions is greatest for Alternative 6 with its
essentially complete removal of contaminated soils. Alternatives 3 and 8 provide a degree of
permanence through removal of surftcial layers of contaminants, requiring less implementation
time and effort, but they rely on a greater need for institutional controls. Alternative 5 provides



the least amount of protection on a permanent level because of its reliance on institutional
controls and the susceptibility of the sod layer to withstand normal human activities and
inconsistencies in maintenance.

8.2 COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS (ARARs)

With the exception of Alternative 1, the No Action Alternative, all alternatives
meet federal and State of Idaho ARARs. A further discussion of compliance with federal and
state ARARs is included in Chapter 10.

8.3 LONG-TERM EFFECTIVENESS

The residual risk (the risk remaining after implementation) increases from lowest
to highest in the following order of alternatives: 6, 3 and 8, 5, and 1 (No Action Alternative).
Alternative 6 would result in the least amount of residual risk because of the volume of
contaminated soils that would be removed to ensure that future exposure to onsite residential soil
sources does not occur. Although Alternatives 3 and 8 do not reduce residual risk to the same
level as Alternative 6, they would protect the communities in the long term if institutional
control measures were implemented and followed. Alternative 5 provides the least long-term
protection since the sod barrier may be easily breached.

Maintenance requirements for all alternatives would be fairly similar. Each
alternative incorporates a sod or grass cover and similar institutional controls. However, the
level of the requirement varies with the alternative. Alternative 5 is more sensitive to
maintenance requirements because a layer of sod is the only barrier between residents and the
underlying contaminated soils. Alternatives 3 and 8 follow with a layer of clean Mil of at least
12 inches under the sod layer. Alternative 7 requires the least amount of maintenance as a result
of the extensive layer of Mil (up to 7 feet) needed to return residential yards to their original
grade.

Environmental monitoring would vary according to the degree of protectiveness
incorporated within the remedial alternatives. Alternative 5 would require the greatest amount
of monitoring to ensure that the sod barrier remains effective. This would entail frequent soil
and litter metals analyses and blood letd analyses. Alternatives 3 and 8 would require periodic
monitoring of the surMcial soil layer to check for airborne recontamination and periodic
monitoring of the remediated soil profile to check for disruption and recontamination of the soil
barrier. Alternatives 3 and 8 would also require periodic blood lead analyses. Alternative 6
would require periodic monitoring of the surficial soil layer and periodic blood lead analyses.
Alternative 1 would include environmental monitoring to check for changes in contaminant levels
with time. Blood lead screening would be discontinued when warranted.

The disposal recommendation for residential soil is consistent for all alternatives
except for Alternative 8, which includes the addition of pozzolanic agents prior to disposal. The
long-term effectiveness of the disposal recommendation is ensured through appropriate closure
requirements and management by institutional controls.



8.4 REDUCTION OF TOXICITY, MOBILITY, VOLUME AND PERSISTENCE THROUGH
TREATMENT

Each alternative, with the exception of the No Action Alternative, requires varying
degrees of contaminated soil removal and placement of a "clean" Mil cover to create a barrier
between underlying soil contaminants and the residential population. Alternative 8 is the only
alternative to incorporate treatment as pan of the remedial action. This treatment would solidify
the excavated soil and would likely reduce the metals mobility from soils at the disposal area.
The additional decrease in mobility by pozzolanic treatment is not known.

All alternatives would increase volume of soil remaining within the Superfund
boundaries through bulking (10 to 15 percent of the in-place volume). The volume would
increase by approximately 50 percent as a result of the pozzolanic treatment in Alternative 8 as
compared to Alternative 3. None of the alternatives proposes to change the toxicity or
persistence of the contaminants.

8.5 SHORT-TERM EFFECTIVENESS

Most of the remedial actions are similar in the technologies proposed for
implementation. The extent of the remedial action varies considerably among alternatives.
Alternatives 3,5, and 8 are generally equivalent in the amount of short-term risk they pose to
the community. Each requires the removal of the top vegetative layer and varying amounu of
underlying soil. Each alternative would include continuing to prioritize residential yards on the
basis of sensitive subpopulations. Completion of these alternatives would require 4 to 6 years.
Alternative 6 would require considerably more time to complete because of its soil removal
requirements. Exposure to fugitive dust generated by the remedial activities is the common risk
shared by each alternative. Localized releases of metals-laden dust would likely occur during
excavation, but such releases would be minimized by dust control techniques. However, none
of the action alternatives is expected to substantially affect the communities during remediation.

Alternative 6 would create a slightly higher risk to workers and residents than the
other alternatives, mainly because of the volumes of materials to be excavated and moved and
the duration of time needed to accomplish Alternative 6. The greater excavation volume would
be associated with increased noise and greater annoyance of residents from more construction
activity. Heavy equipment traffic would also increase on local roads with implementation of
Alternative 6.

Construction contractors would need protection against dermal and respiratory
exposure to the dust white working in contaminated areas. Protective clothing and respirators
or dust masks would help control this risk. These risks are inherent to all alternatives.

8.6 IMPLEMENTABIUTY, RELIABILITY, AND CONSTRUCnBIUTY

In general, there is not a great difference among alternatives in the types of
remedial activities proposed. The extent or degree to which the remediation is applied does vary
significantly between alternatives. Most of the activities proposed as part of the alternatives



including disposal are well-developed technologies. All of these activities are technically feasible,
but the level of effort associated with each is different.

Alternative 5 is the most easily implemented alternative proposed, requiring only
the removal and replacement of a sod and grass layer. However Alternative 5 was judged to be
the least reliable because of lack of durability and difficulty in implementing and enforcing the
extensive associated institutional controls requirements. Alternative 6, however, is the most
difficult to construct, requiring removal of up to 7 feet of soil around each residence, and
resulting in potential complications associated with exposed structure footings, utility lines, and
pipes. Because of this, Alternative 6 has the greatest potential to impact the community through
construction delays resulting from complications. Alternatives 3 and 8 are implementable,
reliable, and constructive and require slightly more complex activities than Alternative 5,
involving the removal of up to 12 inches of soil and the vegetation layer with subsequent
replacement of at least 12 inches of "clean" soil and a new sod layer.

8.7 COST

The cost comparisons are straightforward. Comparing present worth costs,
Alternative 6 is the most expensive and Alternative 5 is the least expensive of the action
alternatives. The costs of the action alternatives, including present worth, are listed in Table 8-1.

Table 8-1 Summary of Estimated Costs
(See Data in Original Document)

8.8 STATE ACCEPTANCE

This decision document presents the remedial action selected by the U.S. EPA and
1DHW for the Populated Areas Residential Soils Operable Unit at the Bunker Hill Mining and
Metallurgical Complex

8.9 COMMUNrTY ACCEPTANCE

U.S. EPA and IDHW solicited input from the community on the methods
proposed for residential soils. Public comments, in general, indicated support for the
recommendation of Alternative 3 in the proposed plan and urged an expeditious implementation
of the plan. Publk comments are specifically addressed in the Responsiveness Summary section
of this document and some have been incorporated into the selected remedy.

9 THE SELECTED REMEDY

9.1 INTRODUCTION

IDHW and U.S. EPA have selected Alternative 3 (as modified by public
comments) as the remedy for contaminated residential soils at the Bunker Hill site. This selection



For each residential yard, the exact nature of the remediation (i.e., how much sod
iu replace, which bushes to remove, etc.) would have to be considered on a case-by-case basis.
However, for consistency, the following areas would generally be remediated within each yard:
to

o Sod areas

o Roadway shoulders (if curb and gutter are not present) to asphalt or pavement and
to the lateral extension of property lines

o Alleys (if unpaved) to the extension of the lot lines

o Landscaped areas

o Garden areas

o Unpaved driveways

o Garages with din floors

o Storage areas

Areas immediately associated with the residential properties (i.e., road shoulders
and alleys) will not require top soil, but will require replacement will clean material in land or
a permanent cover. Any steep hillside areas located immediately adjacent to yards and with a
soil lead concentration greater than the threshold level will be stabilized as pan of this action
to prevent runoff and recontamination. The final remedy for the hillsides will be addressed in
a subsequent ROD.

Based on dose response modeling, a threshold level of 1,000 ppm lead in
residential soil was determined to be the threshold cleanup level most appropriate for this site.
The result of the threshold assessment, and the assumptions used, are summarized in Table 9-1.

Table 9-1 Risk Range for a Threshold Level of 1,000 ppm
(See Data in Original Document)

Requirements for removal and replacement of soils on areas adjacent to residential
lots, such as vacant residential lots, within the Populated Areas will be the same as for occupied
properties.

VISUAL MARKER

For residential yards that require excavation to 12 inches, if the results of
sampling in the 12- to 18-inch interval exceed the threshold level, a visual marker (such as
erosion control fabric or other suitable material) will be placed prior to backfilling with clean



fill.

REVEGETATION

During the excavation process, all existing sod and soil coverings will be removed
and disposed of along with the soil. Larger trees and shrubs will be left in place but subject to
pruning. After spreading compaction, and grading, clean fill will be re vegetated. The lawn areas
of remediated yards will generally be revegetated with sod. Steep hillsides and other remediated
areas not currently planted with lawns (such as vacant lots) will be stabilized and hydroseeded
with native grasses. If preferred by a property owner, hydroseeding with native grasses could
be substituted for the sod. Vacant lots will be hydroseeded with native grasses after remediation.
To the extent practicable, all yard landscaping will be returned to its original condition.

DUST SUPPRESSION

Dust suppression measures will be implemented throughout the remediation
process to reduce exposure of workers and residents to airborne contaminants. Dust suppression
will include, but not be limited to:

o Watering of residential yard areas prior to excavation activities

o Continued watering during excavating, as necessary

o Placement of tarps or coven over excavated materials

o Use of tarps or coven over truck beds to reduce blowing dust and spillage during
transportation to the waste repository

o Daily cleanup of all spilled or tracked soils from sidewalks, roadways, etc.

DISPOSAL OF CONTAMINATED MATERIALS

The analysis of Applicable or Relevant and Appropriate Requirements associated
with the disposal of contaminated residential soils assumed that the soils repository would be
located within the Bunker Hill site. It is recommended that Page Ponds be used for the disposal
repository because it has adequate volume, is within the Bunker Hill site, and the action will
reduce the contaminated windblown dust originating from the Page Ponds area.

The use of Page Ponds as the repository will require that it be capped to minimize
airborne contaminant migration and reduce the threat of direct contact exposure. The cap surface
area will be compacted and graded to prevent ponding and minimize infiltration; it will also be
vegetated for stabilization and moisture absorption. Access to the area will be restricted by
fencing, locked gates, and warning signs. Future use of the repository will be limited and subject



to institutional controls.

If Page Ponds is not used as the residential soil repository, the chosen repository
site will be subject to agency evaluation and public notification.

INSTITUTIONAL CONTROLS

The goal of the institutional controls program is to develop a flexible system that
builds on existing administrative structures and programs rather than create a new layer of
bureaucracy. Institutional controls regulation will be uniform throughout the Bunker Hill site,
irrespective of juhsdictional boundahes. The institutional controls associated with this ROD are
designed for the maintenance of residential soil barriers only. These controls are necessary and
are an integral part of the selected remedy.

Physical Program Requirements

Planning Zoning, Subdivision and Building Permit Regulations:

Implementation of planning, zoning and subdivision controls through local
ordinances, designed to protect and maintain barriers when development of any action that would
breach a barrier takes place.

Disposal of Unearthed Contaminants:

When a barrier is broken, contaminated soils that are removed must be handled
to minimize exposure, collected for disposal, and transported to a proper disposal site. A means
for disposal of incidental contaminated soils will be provided to residents.

Provision of Clean Soil:

A program will be implemented to provide a centrally located supply of clean
replacement soil (both Mil to topsoil) to facilitate barrier repair, maintenance, and establishment
of produce garden areas.

Administrative Program Requirements

Coordination of Public Institutions:

Effective administration of a uniform Institutional Controls Program will require
shared authority and resources. The four cities and Shoshone County will play an important role
through already established permitting procedures. It has been recommended that the Panhandle
Health District will administer the effon with permitting, inspection, records maintenance, and
enactment of regulations, where necessary, across jurisdictional boundaries.



Deed Notices:

These are a method to notify new owners of their responsibility for participation
in chat system.

Educational Programs:

Educational programs will be developed to keep information about the barrier
system in the public eye and to help the public recognize when disruption of the barrier systems
requires attention or caution. Distribution of information should be provided through
pamphleting, brochures, and general media exposure.

Permitting and Inspection Procedures:

Permit issuance and recordkeeping procedures should be tailored to minimize
inconvenience to permit applicants. A permit system that integrates with existing permit routines
will be implemented.

Monitoring and Health Surveillance Programs:

Monitoring will be required to assure both program performance and
effectiveness. Health intervention efforts will be required to document and assess success in
achieving remedial goals and objectives.

An Evaluation of Institutional Controls for the Populated Areas of the Bunker Hill
Superfund Site outlines the various options associated with each of the institutional control
requirements and will be used in the remedial design phase to guide implementation of the
program. The implementation phase, referred to as Phase II, will include passing local
ordinances, setting up an administrative system to oversee and run the program, and
documentation of detailed procedures for each of the program components.

MONITORING

The effectiveness of the institutional controls programs will be evaluated
periodically. Appropriate air monitoring will be conducted to identify the occurrence of
contaminant migration during remedial activities. Any exceedances of the standards will result
in immediate implementation of additional dust suppression measures or a shutdown of
construction activities.

Since contaminated material will be left onsite, both in Populated and
Non-populated Areas, ongoing monitoring of fugitive dust and residential yards is necessary to
ensure that the clean barrier is maintained.

9.3 CHANGES TO PROPOSED PLAN



During the public comment period, several issues were raised concerning the
preferred alternative in the Proposed Plan; consequently, several minor modifications have been
incorporated into the selected remedy in response to those concerns. The following is a list of
those modifications:

o Depth of excavation may be variable (less than 12 inches) depending on depth of
contamination.

o For those properties requiring a visual marker, it will be a material that can be
easily seen during digging or excavation activities. The visual marker does not have to be a
2-inch gravel layer.

o Requirements for disposal site closure included an impermeable cap to protect
groundwater. ARARs associated with groundwater and surface water protection will be
addressed in a subsequent FS and ROD.

o The scope of the institutional controls program will be reevaluated periodically
because the requirements of a program of this nature may change with time.

o Soil will be provided for homeownen who have a soil lead level less than 1,000
but who want a garden.

9.4 COST

Cost evaluations, including the assumptions used, are presented in the Feasibility
Study. A summary of the capital costs associated with the selected alternative is shown in Table
9-2. The costs are order-of-magnitude (+50 percent to -30 percent) estimates. Capital costs are
those required to initiate and construct the remedial action. Typical capital costs include
construction equipment, labor and materials expenditures, engineering, and construction
management. Bid and scope contingencies are also included in the total capital cost. Projected
annual operation and maintenance costs for the selected remedy are also presented in Table 9-2.
These costs are necessary to ensure the continued effectiveness of a remedial action. Included
are such items as labor and materials; monitoring and the institutional controls program; and
insurance, taxes, etc.

Table 9-2 Summary of Estimated Costs for Selected Remedy
(See Data in Original Document)

The feasibility level cost estimates shown have been prepared for guidance in
project evaluation and implementation from the information available at the time of the estimate.
The final costs of the project will depend on actual labor and material costs, actual site
conditions, productivity, competitive market conditions, final project scope and schedule, and
other variable factors. As a result, the final project costs will vary from the estimates presented
here.



Present worth costs are calculated using a 5 percent discount rate and a 30-year
estimated project life. The present worth cost for the selected remedy is $40.6 million (Table
9-2). Capital costs and long-term annual operations and maintenance (O&M) costs are included
in the total present worth cost. Longterm O&M costs are those associated with maintaining an
alternative after implementation is complete.

Costs presented in Table 9-2 are lower than those presented in the Residential Soil
Feasibility Study or the Proposed Plan. The reduction in cost is associated with changes to the
Proposed Plan as presented in Section 9.3. Specially, removing the requirement for an
impermeable cap accounts for the cost reduction.

9.5 PERFORMANCE REQUIREMENTS

A remedial objective for this operable unit is to decrease the exposure to
lead-contaminated residential soils such that 95 percent have blood leads greater than 15 ug/dl.
The former is projected to be achieved by reducing the overall soil and dust loading
concentration to 700 to 1,200 ppm. The 1,000 ppm yard soil threshold cleanup level will mean
yard soil concentrations to approximately 200 to 300 ppm in residential areas. In combination
with other remedial measures and the positive effects likely to be seen in other media, it is
expected that this objective will be met. Achieving the latter objective of less than 1 percent of
area children with blood lead concentrations below 15 ug/dl is less dependent on the mean
soil/dust concentrations than on the soil concentration left in an unremediated yard. A child
living on an unremediated yard of 1,000 ppm is estimated to have a 0.1 to 2.5 percent
(depending on various assumptions) chance of exceeding 15 ug/dl blood lead in the Bunker Hill
post-remediation environment. Any higher threshold cleanup level would result in unacceptable
risk to that child. It is expected that this goal will be achieved by replacing all residential yards
with a lead concentration greater than 1,000 ppm lead with clean material (less than 100 ppm).
This expectation assumes that fugitive dust sources will be controlled and house dust
concentrations will consequently decrease and that remediated yards will not be recontaminated.

This remedy mitigated the risks associated with the following pathways identified
in the risk assessment:

o Inhalation/Ingestion of Contaminated Residential Soil

o Digestion of Locally Grown Produce

This remedy does not directly address the risks associated with the following
pathways identified in the risk assessment:

o Consumption of Contaminated Groundwater

o Inhalation/Digestion of Windblown Dust

o Inhalation/Ingestion of Contaminated House Dust



Actions are being taken now to address these nsks. The final remediation with
respect to these risks will be addressed in a subsequent feasibility study.

10 STATUTORY DETERMINATIONS

The selected remedy for residential soils is protective of human health and the
environment, will comply with federal and state requirements that are legally applicable or
relevant and appropriate, and is cost-effective. The selected remedy does utilize alternative
treatment and resource recovery technologies to the maximum extent practicable. However, since
no treatment and resource recovery technologies were found to be practicable, none were
incorporated into the remedy. Because this remedy will result in hazardous substances remaining
onsite above health-based levels, the 5-year review provisions of CERCLA Section 12 Ic will
apply to this action. The following sections discuss how the selected remedy meets the statutory
requirements.

10.1 PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT

Lead absorption among young children is the most significant health risk posed
by this site. Residential soils were identified in the RADER to be one of the primary
contributors to risk associated with sub-chronic lead absorption. In order to reduce blood lead
exposures, the selected remedy replaces metal-contaminated residential soils with uncontaminated
soil, thereby breaking the exposure pathway between soils and children. Post-remediation
modeling scenarios show the soil cleanup level of 1,000 ppm will result in a sitewide mean
blood lead level of 2.7 to 3.9 ug/dl. Only 1 to 3 percent of the children living onsite are
predicted to have blood lead levels in excess of 15 ug/dl. It is expected that at least 95 percent
will have a blood lead level less than 10 ug/dl.

Inclusion of produce garden area remediation to a depth of 24 inches will also
reduce the exposure to cadmium, lead, and zinc associated with consumption of local garden
produce.

The remedy selection will also effectively mitigate chronic noncarcinogenic risks
associated with ingestion of antimony, cadmium, and mercury via soil ingestion. Carcinogenic
risks associated with arsenic and cadmium exposure through fugitive dust will be addressed
under a separate operable unit

Contaminated residential soils will be consolidated in a permanent repository. All
consolidation anas will be protected from erosion and surface infiltration by a revegetated
topsoil cap and contouring. Experience with residential soil removal actions during 1989 and
1990 indicate that with appropriate precautions there will be no unacceptable short-term risks
or cross-media impacts associated with the implementation of the selected remedy.

The institutional controls program will ensure die maintenance of physical and
institutional barriers that protect against metal exposure. Continued blood lead and residential
soils monitoring will measure the long-term success of the selected remedy.



House dust has also been identified as a significant lead exposure pathway.
Residential soils are a contaminant source to house dust. Thus, remediating residential soils will
reduce a contamination pathway to home interior. Fugitive dust will need to be controlled and
monitored concomitant with residential soil remediation to minimize soil recontamination. The
RADER discusses the rate of soil recontamination from airborne fugitive dust and recommends
that airborne dust be reduced substantially. Control of fugitive dust will also eliminate direct
exposure to highly concentrated dusts, reduce accumulation of metals in homes, and prevent
excessive deposition on homegrown produce in local gardens. Dust control measures have been
taken on the site in the past 2 years. These measures include irrigation of the Central
Impoundment Area (CIA), revegetation of some of the Bureau of Land Management (BLM)
property on Smelterville Flats, placement of large rocks on barren areas north of the Kellogg
Middle School, and spreading of sawdust on the Smelterville Flats area. Control of fugitive dust
from barren hillsides is being addressed in the hillside revegetation order previously discussed.
Additional dust control measures will be implemented by the potentially responsible parties
(PRPs) under the July 1991 Administrative Order on Consent (see Section 2.5).

The analysis presented in the RADER and the FS shows that the remedy selected
for residential soils will break the significant exposure pathways associated with soil. Once
residential soil removal is completed, waste soils will be consolidated within the area of
contamination of the Bunker Hill site, and an institutional controls program is implemented, risks
associated with metal-contaminated residential soils will be mitigated. Therefore, IDHW and
U.S. EPA have concluded that the selected remedy for residential soils will be protective of
public health and the environment.

10.2 COMPLIANCE WITH APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS (ARARs)

Pursuant to SARA Section 121(d), remedial actions shall attain a degree of
cleanup of hazardous substances, pollutants, and contaminants released into the environment and
control of further release which, at a minimum, assures protection of human health and the
environment. In addition, remedial actions shall, upon their completion, reach a level or standard
of control for such hazardous substances, pollutants, or contaminants which at least attains
legally applicable or relevant and appropriate federal standards, requirements, criteria, or
limitations, or any promulgated standards, requirements, criteria, or limitations under a state
environmental or facility siting law that is more stringent than any federal standard (ARARs).
All ARARs would be met by the selected remedy.

The federal and state ARARs identified by U.S. EPA and IDHW, respectively,
for residential soil removal are presented in Tables 10-1 through 10-6. An evaluation of
chemical, location, and action-specific ARARs is presented in Section 2 of the Residential Soils
Focused Feasibility Study. Additional discussion of chemical-specific ARARs and other
requirements to be considered (TBCs) is presented in Section 3 of the RADER.

Table 10-1 Federal Chemical-Specific ARARs
(See Data in Original Document)



Table 10-2 Federal Location-Specific ARARs
(See Data in Original Document)

Table 10-3 Federal Action-Specific ARARs
(See Data in Original Document)

Table 10-4 State of Idaho Chemical-Specific ARARs
(See Data in Original Document)

Table 10-5 State of Idaho Location-Specific ARARs
(See Data in Original Document)

Table 10-6 State of Idaho Action-Specific ARARs
(See Data in Original Document)

There are currently no promulgated laws or standards for lead in soil. However,
a site-specific threshold level of 1,000 ppm lead in residential soil, that is expected to result in
a community average of 200 to 300 ppm, has been developed for protection of human health.

For the Bunker Hill residential soils action, contaminated residential soil will be
consolidated from yards throughout the site into a single location. Since some residential soils
did demonstrate RCRA hazardous characteristics for lead and pesticides (chlordane), an analysis
of the applicability or relevance and appropriateness of the RCRA hazardous waste regulations
is required:

For RCRA to be applicable, the material must demonstrate hazardous
characteristics, and the proposed action must involve either treatment, storage, or disposal of
the material as defined by RCRA. As the Remedial Investigation sampling and analysis has
shown, residential properties and all other areas within the Bunker Hill Superfund Site are
contaminated to various degrees with lead and other heavy metals. Contamination is contiguous
throughout the site and the site is considered a single "area of contamination" (AOC). As
described in the preamble to the final NCP, movement of wastes and soil within an AOC at a
Superfund site does not constitute disposal or "placement" and therefore does not trigger RCRA,
Subtitle C, disposal requirements. For this action, all soil consolidation and movement will be
within a single AOC; thus, the RCRA requirements are not applicable.

For RCRA to be relevant and appropriate, the RCRA requirements must address
problems or situations that are similar to the action being taken and the requirements must be
well suited to the site. U.S. EPA has determined that portions of the RCRA closure requirement
are relevant and appropriate for this action.



Closure requirements address what actions are necessary to protect public health
and the environment when the disposal action is complete. For this action, the relevant and
appropriate closure requirements include: 1) capping to minimize airborne contaminant migration
and reduce the threat of direct contact exposure; 2) long-term management of the disposal site,
including cover maintenance and groundwater monitoring; and 3) institutional controls such as
access restrictions, land use restrictions, and/or deed notices.

Closure requirements and landfill design and operating requirements with respect
to groundwater and surface water protection will be addressed in a subsequent ROD.

RCRA minimum technology requirements are not appropriate for this action
because the residential soils do not present hazards that warrant secure disposal.

Requirements of the Land Disposal Restrictions are not appropriate for this
remedial action because the material will be removed within the AOC. Placement, as defined
by RCRA, will not occur.

If Page Ponds is not used as the residential soils repository, the agencies will
conduct an evaluation of ARARs specific to the repository site chosen.

IDHW and U.S. EPA have determined that all state and federal ARARs for
residential soils removal and replacement will be met by the selected remedy. The agencies have
not determined the ARARs with respect to groundwater and surface water protection as part of
this operable unit ROD. That determination will be made in a subsequent ROD.

10.3 COST-EFFECTIVENESS

IDHW and U.S. EPA believe the selected remedy H cost-effective in mitigating
the risk posed by contaminated residential soils. Section 300.4jO(f)(ii)(D) of the National
Contingency Plan (NCP) requires an evaluation of cost-effectiveness by comparing all the
alternatives that meet the threshold criteria (protection of human health and the environment)
against three additional balancing criteria (long-term effectiveness and permanence; reduction
of toxicity, mobility, or volume through treatment; and short-term effectiveness). The selected
remedy meets these criteria and provides overall effectiveness in proportion to its cost.

The selected remedy includes removing and replacing contaminated soils (or
placing a soil cap, where appropriate), installing visual barriers (where applicable), revegetating,
suppressing dust during remediation, disposing of contaminated materials, and monitoring for
metals in soil. Institutional controls will ensure long-term maintenance of physical and
institutional barriers that protect against metals exposure. This alternative is attractive because
of the relatively low cost (approximately $41.3 million present worth) and expected
effectiveness, as compared with other alternatives.

The principal difference between the selected remedy and two of the other
alternatives is excavation depth. One alternative involves sod excavation and replacement without
removal of underlying contaminated soils. Although less expensive than the selected remedy, sod



removal and replacement would provide a less effective means of protecting human health and
the environment. Another alternative, which required a 7-foot excavation depth, was considered
excessive. Although an excavation depth of 7 feet would effectively remove the contaminated
residential soils, the associated cost of $193 million was substantially higher than that for the
selected remedy. The added remedial effectiveness would be marginal with respect to the
additional cost.

An alternative with a pozzolanic treatment prior to disposal was also evaluated.
Pozzolanic treatment would be intended to reduce the mobility of contaminants, as compared
with untreated contaminated soil. However, the reduction in contaminant mobility is expected
to be marginal with respect to the additional cost of $14.7 million. Contaminants in untreated
soils would be adequately immobilized when disposed in a revegetated and properly contoured
landfill. The selected alternative was therefore determined to be more cost-effective.

10.4 UTILIZATION OF PERMANENT SOLUTIONS AND ALTERNATIVE TREATMENT
TECHNOLOGIES TO THE MAXIMUM EXTENT PRACTICABLE

IDHW and U.S. EPA believe the selected remedy represents the maximum extent
to which permanent solutions and treatment technologies can be utilized in a cost-effective
manner for residential soils at the Bunker Hill site. Of the alternatives protective of human
health and the environment and that comply with ARARs, the selected remedy provides the best
balance in terms of long-term effectiveness and permanence; reduction of toxicity, mobility,
volume, and persistence; short-term effectiveness; implementability; and cost. Also, the selected
remedy considers the statutory preference for treatment as a principal element and considers
community acceptance.

Long-term effectiveness was the primary reason for selecting Alternative 3 over
Alternative 5. Twelve inches of soil and sod provide a much more permanent physical barrier
to potential exposure than simply a sod barrier. The institutional controls associated with
Alternative 3 improved community acceptance because the controls are less intrusive compared
to Alternative 5. The cost of removing soils to a depth of 7 feet in Alternative 6 was too high
compared to Alternative 3, considering the associated incremental improvement in permanence.

The selected remedy does utilize alternative treatment and resource recovery
technologies to the maximum extent practicable. Treatment of residential soils was not found to
be practicable; therefore, this remedy does not satisfy the statutory preference for treatment as
a principal element The combination of high soil volume, the nature of metal contamination,
and the need to excavate soils from yards prior to application of a treatment technology like soil
washing made the costs of any known treatment technology, whether proven or unproven,
prohibitive. An in situ soil treatment process would have eliminated the soil handling
requirement. However, fixation or pozzolanic treatments are not consistent with the uses of a
residential yard. There are no other in situ treatment technologies known to be effective in
removing metals from soil.

10.5 PREFERENCE FOR TREATMENT AS A PRINCIPAL ELEMENT



- '994
• c» c-

CSWCR Directive * 93 35. 4 -12

sourer: Revised Interia Soil Lead Guidance for CERCLA Sites and
RCRA Corrective Action Facilities,

ntOMi Elliocr P. Lava •
Adainistrat-or

Raqional

AS part of the Superfund Administrative Improvements
Initiative, this interim directive establishes a streamlined '
approach for determining protective levels for lead in soil at
CERCLA sites and ROM facilities that are subject to corrective
action under RCXA section 3004(u) or 300t(h) as follows:

• It recommends screening levels for lead in soil for
residential land use (400 ppm>;l

• It describes how to develop site-specific preliminary
remediation goals (PRCs) at CZXCLA sites and media
cleanup standards (MCSs) at RCRA corrective Action
facilities for residential land use; and,

• It describes a plan for soil lead cleanup at CERCLA
sites and ROU Corrective Action facilities that have
multiple sources of lead.

This interim directive replaces all previous directives on soil
lead cleanup for COCLA and ROtA programs (see the
section. Ifff-lff1).

•croemla\9 levels axe set eleaaup goals. Rather, these
screening levels say bo used as a tool to determine which sites

tta ROU Conw*

/»| •b«^—
•tf

S rate (July 17, 19W. JJ



:r ssrticr.s c: sin* == '-' •3cu;rfl :--rzr.tr study ana t:
ar.ecurast vc—-rary c.«a--= Scrttni.-.r .tvtis art strir.t- 4a a
.«vti ci csntasinatisr. i = cv« -r.icr. t.-.trt -ay ct tnoua.-. ssrctrr. re
-arrsr.- sitt-aptcii:: st.sv r: r^sxi. -tvtis of car.tasi.-.atirn
accvt t.-.t scrttning itvt. -c-.3 SOT autasaticaliy rtquirt *""
rtmoval action, r.cr stsi.:r.act a sitt as "canzaminaeta. "

al scrttning itvtl far Itad
sirtetivt nas oten calcuiatta vita t.-.t Agency's new Inttgrattd
Ixposurt Uptake Biokinttis Msdel CIUBK) nodel (Pub. t 92IS.T-15-
2, PB93-543S1I1 . using atfauiz partatttrs. As outlintd in t.-.t
Guidance Manual for t.-.t ISVBK Model far Lead in Children ;?uo. r
9213.7-is-i. PB93-9433IO. February 1994), this aodel was
dtvtloptd so: recognize tAe aultiaeoia nature of Itad txposurts;
incorporate important absorption and pnarmacokinetic information;
and allow tAe risk cinager ta consider the potential
distrifiutiens of exposure and risk likely to occur at a site ftnt
modal gets etyond providing a single point estimate output). For
tntst rtasons. tnis appraacn is fudged ta be superior to t.-.t mort
caaaen setnoa for assessing risks of non-cancer neaitA tfftcts
wnicn utilizes tAe reference dose (RfO) methodology. 3otA tAe
Guidance Manual and tAe aodel are available to Superfund staff
tArougn tAe Superfund Document Center (703-403-4917) and to the
public tArougn tAe National Technical Information Service (703-
4S7-44SO).

Residential preliminary remediation goals (PtCs) for CZXCLA
remediations and media cleanup standards (MCSs) for ROU
corrective actions can be developed using the XZUSX aodel on a
site-specific basis, where site data support modification of
model default parameters. At seme Superfund sites, using the
IIUBK aodel with site-specific soil and dust characteristics.
PRCs of aore than twice the screening level have been identified.
However, it is important ta note that the model alone dots not
determine the cleanup levels required at a site. After
considering other factors such as costs of remedial options,
rtliability of institutional controls, technical feasibility,
and/or community acceptance, still higher cleanup levela aay be
selecttd.

The implementation of this guidance is expected to provide
for more consistent decisions across the country and improve the
use of site-specific information for ROU and CZXCLA sites
contaminated with lead. The implementation of this guidance will
aid in determining when evaluation with the XIDBX model is
appropriate and in assessing the likelihood that environmental
lead poses a threat to the public, use of the XZOBX model in the
context of this guidance will allow risk managers to assess the



;vers-- = lsoa .«aa levels «.3i. rcr.siser.â sr. c; t.-.s :.-=sr-ar.ce
ci s = i. l«aa i«veis rtiative tr .«aa frcr. sfi.-.xi.-.? vatsr. paint
ana .-.rusanoid dust: . :t sr'srs a flexisie accraacr. ta
isr.sizarir.o, riSK rtauciisr. seticr.s <rsf erred ts as tr.e "tussle"
rsn=«--; -.-.at ailsws isr rtncoiaeicn :f l«aa iourc«s t.-.ac
=snc?i=uc« siqnif isanciy ta •itvaead Blood i«aa. T.Ms quidanc*
•nesuraccs -.-.t risic s»naq«r ta s«l«ct. en a sic«-»p«cif is sasis.
-.-.• -cac acprasriac* csaoiriation of r«n«dial ^«asur«s n««a«a cs'
addriss sit«-*p«cif is itao «xposur« c.-.r«a-cs. Th«s« ram«oi«i
T.««sur«s may ranq* widely Jroa tr.r«rv«ncion ta aoatsmcnc.
How«v«r, RCRA and CIHC1A nav« v«ry 1 121 tad authority ta Address
meaner txposurss from inc«rior paint. For a d«cail«d
discussion of tr.a dacision loqie far addressing laad-cor.taminatad
sitas. s«« tn« r.riBl«a«ng«gia« s«ecj.an and Appendix A.

Relationship to lead paiat ^uidaaee. In addition, tnis
a directive clarifies tne relationsnip between guidance on

Sup«riur.d and RCRA corrective Action cleanups, and CPA's guidance
an .eaa-oased paint r.azards (discussea furtner in Appendix C).
The paint nazard guidance will be issued to provide information
until tr.e Agency iyi«.ea regulations identifying lead-based paint
hazards as directed by SaeYsen 403 of the Toxic Substances
Control Act (TSCA)1. Lead*based paint hazards are those lead
levels and conditions of paint, and residential soil and dust
that would result in advert* health effects.

The two guidance docuaftnts have different purposes and are
intended to serve very different audiences. As a result the
appreacnes taken differ to SOM degree. The leed-besed paint
hazard guidance is intended for use by any person who may be
involved in addressing residential lead exposures (from paint,
dust or soil.) It thus relates to a potentially huge number of
sites, and serves a very broad potential audience, including
private property owners or residents in addition to federal or
state regulators. Mucn residential lead abatement aey take place
outside any governmental program, and may not involve extensive
site-specific study.

This OSWTR guidance, on the other hand, deals with a much
smaller number of sites, boing addressed under close federal
regulatory scrutiny, at vhicft extensive site characterization
will have boon performed before cleanup decisions aro made.
Thus, the KeKA and COttA programs will often have the benefit of
mucn site-epecific exposure information. This guidance is
intended for uso by the relatively small number of agency
officials who overseo and direct these oieanups.

Titte IV of T3CA dad***? Msnei *» •» *•* >y <•» *m4mn»l\M* ••* Faiei Ha»«m
of »fl<TatoXofO»HaMs^e<lCiianiii u D n i i y i i s i i n Asief ItflX
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a ri
iisrta aperoacr.. ?*t CS-ES c_.za.-.ss sees a residential sc
-»v«i at -iOO ppa. AS .-.ctta a=sv«. t-is is ret ir.tenaed ts c«
'rltanus Itvei" fsr CSSCLA ars ?.CSA 5ici..-;«i. =ut only ts s«rv«
as an indicator t.-.at furtr.tr stusy is appropriate. THe auction
i33 guidance indicates tr.at c.-.ysicai exposure-reduction
activities nay B« appresr:act at 4CO ppa, d«p«ndinq upon sitt-
spaciiic csnaitisns suen as us* paccarns. pepulacions at risK and
3tr.«r Jactars. Alt.nouqn worasd somvwnac diffmranriy, tn«
guidances art int«nd«d ts &• siailar in*«£f«cc. For n«itft«r
guidance is 400 ppa ta aucooaticaliy ba canaidarad a "elaanup
lavai"; inscaad. it indicates a naad Cor conaidaring furtr.ar
action, Sut not nacassarily for taking action. Naicftar is aaant
to indicate tnac cleanup is neceaaarily appropriate at 400 ppa.
The greater eapnaais in trus OSWOt guidance on determininq tr.e
scope of further study reflects tne fact taat both cotciA and
RCRA cleanups proceed in staqes witn detailed site
characterization preceding response actions in every case.

Above tne 400 ppa level, tr.e Section 403 guidance identifias
ranges over wnicn various types of responses arc appropriate,
coaaensurata vita tne level of potential risk reduction, and cast
incurred to achieve suca risk reduction. For exaaple. in tne
range of 400 to SOOO ppa. liaited interia centrals are
recoaaended depending, as noted aeova, on conditions at tae site,
while aoove SOOO ppa. soil aoateaent is recoaaended. This OSWCJl
guidance does net include ceaparaele nuaa«rs above 400 ppa;
instead, as discussed above, it reeoaaonds tae site*sp«cific use
of the IEUBK aodol to set PMs and HCSs, whon necessary. The
reaedy selection process specified in the National Contingency
Plan (NC9) should than bo usod to docido what typo of action is
appropriate to achieve those goals.

In general, because the Section 403 guidance was developed
for a different purpose and audienca, OSWW doos not recoaaend
that it ao usod as a roforonco in sotting WB* and KCSs or in
determining whotaer action at a particular sito is warranted.
(To put it another way, it generally should not bo treated as a
"to be considered" docuaont or "TIC" under C0CLA.) The section
403 guidance is aoant to provide gonaric levals taat can be used
at thousands of widely varying sites acroaa the nation. The
detailed study that goes on at ClftCLfc or ROU sitss will allow
levels to bo developed that are more narrowly tailored to the
individual sito. Nothing in tae section 403 guidance discourages
setting aore site-epecific levels for certain situations; in
fact, it specifically identifies factors suca as bioavaliability
taat aay significantly affect tae evaluation of risk at soae
sites.

no iron aedel. The Agency is further study ing beta tae
ICU1K model and analyses of apidaaiologic studies in order to
better develop tae tecanical basis for rulaaaking under TSCA
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Sectisn 403 setfing nealt.-.̂ rasaa standards far lead in soil a.-.= "
iust. OSWER intends ts .««-« a f;r.ai soil lead directive onca
t.*.a TSCA Section 433 regulators are finalized. For additional
..-.fcrr.ation en TSCA Sect::r: ;:: ievelcpsents. call (202)
:so-:86«.

However. -.*.« Agency believes tnat risk aanagers (risk
assessors, en-scene coordinators, remedial project managers, and
otner decision-makers afesfeperfund and RCXA sites) are currently
in need of the best guidance available today. The Agency
believes that the IEU1K model is the best available tool
currently available for assessing blood lead levels in children.
Furthermore, use of the ICUSK provides allows the risk manager ts
consider site-specific information that can be very important in
evaluating remediation options. Therefore, using the latest
developments in the limit model and the collective experience of
the Superfund, RCXA Corrective Action, and TSCA Section 403
programs, the Agency is offering this guidance and is
recommending a residential screening level for Superfund and RCRA
sites of 400 ppm.

osm auidane« f le^e^Mii. four guidance, documents en
soil lead cleanup were issued by OSWtn during the period of 19ft
to 1991:

1. September 19ft, OfWtX Directive 19399.4-02. This
guidance recommended a soil lead cleanup level of 500 -
1000 ppm for protection of human health at residential
COICLA sites.

2. May 9, 1990. RCXA Corrective Action program guidance
on soil lead cleanup. This guidance described three
alternative methods for setting "cleanup levels" (net
action levels) far lead in soil at RCXA facilities,
one approach «•§ to use levels derived from preliminary
results) of XIOBK model runs. The other two approaches
were to use the range of 500 to 1000 provided in the
19«9 directive on CDtCLA sites, or to use "background"
levels at the facility in question.

3. Juno 1990, OflWCX Directive M399.4-02A. Supplement to
Interim Guidance on Estaeinning soil Lead Cleanup

*«tevels at Superfund site*. This memorandum reiterated
tnat the September 1919 directive warn guidance and
should not bo interpreted AS regulation.

4. August 29, 1991. This s.ee.e^ental guidance discussed
CPA's efforts to develop » '•- directive that would

-5-



acesaplisn r-o 5=:«cz;vas: '1; account fcr tr.a
contribution '•''- --.tisia rredia to total lead v/
exposure; and. : rrevida a strsnger scientific sas;s ^^^
for deterair.:.-? a $=:! laad cleanup level at a specif*-
sice.

.'a? CSWER •-.«•. During the 1919-91,
tiae pens*. us* of the £PA :£VBX model vaa identified as tne
best available approach for accomplishing tha objectives outlined
in tne August 19tl ouxdanea. Thai modal intatrata* axpoaur* from
lead in air, watar, soil, duat, diat, and paint with
pnaraacotcinatie modal ing to pradiet blood laad lavala in eftildran
Ci.a., cnildran 6 to 14 montns old), a particularly aanaitiv*
population.

In tha aprinq of itfl, oswxx organiiad tha Latad Taehnieal
Raviav workgroup to assist Rational risk aasaaaors and aita
managara in both using tna modal and aaJeing data collaetion
daeiaiona at CXXCLA and XC1U aitas. Tha workgroup was eompoaad
of seiantiats and riak assaaaors from tha Ragiona and
Haadô artars. including t.na offica of Raaaarch and Oavalopmant
(OHO), and tha offica of Pollution Pravantion and Toxic
Subatancaa (OPPTS).

zn Kov«*jMr i»tl, tha If A Scianca Adviaary iaard (SAJ)
raviawad tha scientific aarita of using tha) XIOMC modal for
assassing total laad axposura and davaloping soil laad claanup
lavals at CZXCLA and RCXA aitas. Zn oanaral, thai SAJ found tha
aodal to ba an important advanea in assassing potential haalth
risks from environmental contaminants. However, tha SAB also
recommended additional guidance on tha propar usa of tha modal.

In response to SAB concarn over tha potantial for incorrect
use of tha modal and selection of inappropriate input valuaa both
for default and site*spocific applications, OSWO developed a
comprehensive "Guidance Manual for tha Zntagratad Exposure Uptake
Biokinatic Modal for Laad in Children* (referred to in this
interim directive as the "Guidance Manual"). This Guidance
Manual assists the user in providing inputs to the model to
•atimate risks free) exposures to lead. It diseussee the use of
model default value* or alternative values, and the application
of the model to characterise site risks. Use of the Guidance
Manual should facilitate consistent use of the ICOBX model and
allow the risk assessor to obtain valid and reliable predictiona
of laad exposure. The Leed Technical Review Workgroup haa been
collecting data to further validate c.-.e model and to update the
Guidance Manual as
Relationship to RCHA Corrective Aetien "Aetiafi* Levels. The
approach for calculating a screening level for lead (including
exposure aaaumptiona), set forth in tr.is Revised Interim Soil
Laad Directive, auperaadas tha guidj-:t provided for calculating



"actisn" -ev|i, „• ;--|.-. .- ispens,̂ . : si t.-.e proposed Suspar-. £
Corrective Action rule. :.- t.-.e Juiy'27. 1990 RCRA proposal !*
"ac'era.J Se9i.scer :3?9i:. I?A ..-.trssucad t.-.e concept af "aetisn
levels" as trigger levels f:r f-rt.-.er study and suesaquant
rasediation at RCRA faci..t.as. :.-. t.-.is respect, the current
directive's "screening levels" are analogous to the proposed
rule's "action levels." In t.-.e proposal, where data ware
availasla. action levels were developed for three pathways of
human exposure to contaminants: soil ingestion, water ingeetion
and inhalation of contaainatad air. Exposure assumptions used in
the calculations were set out in Appendix 0 of the proposal, far
the soil pathway, action levels were calculated two different
ways depending on whether the contaminant in the soil was a
carcinogen or a systemic toxicant. Although lead was listed in
Appendix A of the preamble to the rule as a class 12 carcinogen,
no action level had been calculated because neither a
carcinogenic slope factor (SP) nor a reference dose (RfO) had
been developed by the Agency. Although the guidance in Appendix
0 of the proposed Corrective Action rule remains in effect with
respect to other haxardpus constituents, this directive now
allows for the development of the lead screening ("action") level
using the ZCUBX model.
a«e«ne d«v«iQBa«ne« M««3-»i-«««ngi Following discussions aaong
senior Regional and OJHUt management, the OfWOI Soil Lead
Directive workgroup (csaposed of Headguartera, Regional and other
Federal agency representatives) racosaended in the spring of 1992
that a "two step" decision fraaewor* be developed for
establishing cleanup levels at sitss with lead-contaainatad
soils. This fraaevor* would identify a single level of lead in
soils that could be used as either the PM .for CtftCtA site
cleanups or the action level for ROU corrective Action sites,
but would also allow site managers to establish site-specific
cleanup levels (where appropriate) based on site-specific
circumstances. The ZIVBX aodel would be an integral part of this
fraaeworlc. osvnt then developed a draft of this directive which
it circulated for review on June 4. 1992. The draft set soo ppa
as a PR6 and an action level for RCRA facilities in reeidential
settings.

Following developawnt of this draft, oswo held a meeting on
July 31, 1192 to solicit a broad range of view* and expertise. A
wide range of interests, including environmental groups, citizens
and representatives) fre* the lead industry attended. This
meeting encouraged Oflwnt to thin* .-ere eroadly about how the
directive would affect urban areas, -.sw lead paint and dust
contribute to overall risk, and he. deed lead data could be used
to assess risk. Zn subsequent aeet:r?s with the Agency for Toxic
substances and DiseaseControl (ATs:ai and the Centers for
Disease Control (COC), options wert discussed on how to use blood
leed data and the need to evaluate f• contribution of paint, in
addition, during these meetings, • -:ts:sion tree* approach was



suggested t.-.at prspe*es :..'.'«rtrt tr.rtinoid levels (primary a.--
secor.daryj fcr screeni-s :«c;s:3ns, actisn aecisions and lana "s«
patttrr-.s.

rinding* frsa t.-.e t.-.rt« =ities rSaltisora. Soston. and
Cincinnati) of tne uroan sail lead Abatement Demonstration
Project ,'peer review scneduled far completion in lat'« 1994} _
indicate tnat dust and paint ars major contributors to elevated
blood lead levels in children. Furthermore, preliminary findings
suggest that any strategy to r«duc« overall load risk at a site
needs to consider not only soil, but theee other sources and
their potential exposure patnvays. (For furtfter information on
tftis demonstration project, contact Or. Koto Clias, US£»A/ORO.
Environmental Criteria and Assessment Office (tCAO), RT?, (919)
541-4H7.)

Finally, in it* efforts to develop this interim directive.
the OSWdt Soil Lead Workgroup has met with other OPA vorkaroups
including the TSCA Section 403, Large Area Lead Site*, and Urban
Lead workgroups, as well as other Federal agencies including the
Agency for Toxic Substances and Disease Kefistry, the Centers fo
Disease control, and the Department of Housing and Urban
Development. >
Derivation of Lead «er«*nina Lav«i«. OevelefSMnt of the
residential screening level in this intaria directive retired
two important OfWtH decisions, l) OfWDI determined that it would
seek to achieve a specific level ef proteetiveness in site
cleanups; generally, OJWtH will attempt te liait exposure to
soil lead levels such that a typical (or hypothetical) child or
group of similarly exposed children would have an estimated risk
of no more than 3% of exceeding; the a 10 Mf lead/dl blood lead
level. This 10 M«/dl blood lead level is based upon analyses
conducted by the Centers for Disease Control and IPA that
associate blood lead levels of 10 *»g/dl and higher with health
effects in children; however, this blood lead level is below a
level that would triffer medical intervention. 3) In developing
the residential screenino; level, osvtft has decided to apply the
CPA's IXUBX model on a site-specific basis. This model has been
designed specifically to evaluate exposures for children in a
residential sett inf. current researcn indicates) that young
children are particularly sensitive to the effects ef lead and
retire specific attention in the development of a soil screening
level for lead. A screening level tnat is protective for young
children is expected to be protect;.* far older population
subgroups.

In general, the model generates * probability distribution
of blood lead levels for a typical :-..2. or group of children,
exposed to a particular soil lead :--re-tration and concurrent
lead exposures from other sources. *-e spread of the
distribution reflects the observes ••.istlity of blood lead



.tvtis in several ssr.ru.-. .̂ ts . TIMS variability a--se» '-•-
several sourses"1 :.-.ciudins str.avisral and? cultural rasters'"

7*.e identification c« lead exposures -ran other sources rdue
.= air. water. siet, paint, its.; 1$ an essential part sf
characterizing the appropriate olood laad distribution far a
specific neignbornood er site. ~ar tne purpose of deriving a
residential screening level. tne background laad exposure inputs
to tne ir.'BK modal war* deterained using national avaragaa, wnar*
suitaola. or typical values. Thus, tna as t mat ad screening level
cf 400 ppa is associated witn an expactad "typical" response ts
t.tesa exposures, and snould not be taken to indicate tAat a
certain level of risk (e.g., exactly 5% of children excaading 13
»g/dl blood) will be observed in a specific cosaunity, e.g., in a
blood lead survey.

Because a child's exposure to laad involves a complex array
of variables, because there is population sailing variability,
and because there is variability in environmental lead
seasurenants and background levels of lead in feed and drinking
water, results fron the Hodel nay differ froa results of blood
lead screening of children in a community. Extensive field
validation is in progress. The model will be evaluated further
once these efforts are deaplated. >

Witn this interim directive, oswtn reeosaends using 400 ppa
soil lead (based on application of the ItOTK aodel) as a
screening level for lead in soil for residential scenarios at
COCLA sites and at BOA corrective Action sites. Residential
areas with soil lead below 400 ppa generally reojuire no further
action. However, in soae special situations, further study is
warranted below the scrsening level. For exaaple, agricultural
areas, wetlands, area* with ecological risk, and areas of higher
than expected huaan exposure »re all situations that could
reejuire further study. For further guidance on ecological risks,
superfund risk aaaaferft ara encouraged to consult their Regional
Biological Technical Assistance Groups (ITACs? sea Appendix 0) .

Generally, the) ground water pathway will not pose a
significant riak since aany lead compounds ara generally not
highly aobile. However, there ara situations where, because of
the font of lead, hydroaeology, or tne presence of other
contaainants at the site, lead aay pose a threat to the ground
water. Zn these situations, additional analysis is warranted,
and the Superfund Regional Toxics Integration coordinators
(RTICs; see Appendix I) or RCRA hydrseeologists should be
consultsd.



while raesgnizi.-.g t.-.at .rsa.i .e«d ;s a Significant ?rce;«-
t.-.is i.-.tena directive :s ret sesisred ts ce applied in
addressing t.*.e potentia- r.-.rtat cf :«§d in uroan areas ct.-.ar --a- — s"- ̂
at CI3CLA or RCRA csrrective Actisn sites. Guidance and
regulations to Be develcpea .nder TSCA Section 403 will provide
an appropriate tool for addressing uroan sites of potential _
concern.

Generally, where the screening level is exceeded, OSWCR
recommends using tfte ICUBX sodel during tfte Rested ial
Investigation or tfte RCRA Facility Investigation for evaluating
potential risks to humans from environaental exposures to lead
under residential scenarios. Site-specific data need to be
collected to determine PftGs or MCIs. Ac a •inisnm, this may
involve collecting soil and dust samples in appropriate areas of
tne site. Furtner mtidance on data collection or modification of
tfte non-residential eguation can be obtained by contacting tne
RTICs or RCXA Regional risk assessors, who in turn may consult
tne Lead Technical Review workgroup.

The typo of site-specific data that should be collected will
obviously depend on a number of factors, including tne proximity
of residences to tfte contaminated soil, the presence of site .
accees controls, and other factors that would influence tfte
probability of actual human exposure to tfte soils. At a minimum,
when residences are at or near the sits, it is expected that
using tfte model will generally involve taking soil and dust
samples from appropriate areas of the site. In many cases, it
may not be necessary to gather certain types ct data for input
into the model. For example, when there arm no residences
nearby, or where there is otherwise no exposure or very limited
exposure to lead contamination, it may not bo necessary to
collect site-specific data (e.g., dust, water, paint, blood-lead,
•te.)

In developing a FRO for COICLA sitss or a MCI for ROU
facilities, CTA recommends that a soil Isad concentration be
determined so that a typical child or group of children exposed
to lead at this level would have an estimated risk of no more
than 3% of exceeding a blood load of 10 wg/dl. In applying the
IEU1K model for this purpose, appropriate sits specific data on
model input parameters, including background exposures to lead,
would bo identified. ^_

When the PM or lies is exceeded, remedial action is
generally recommended. Such action does not, however, >
necessarily involve excavating soil. A range of poosibla actions xmay be considered, as discussed in qreater detail under the ^<^

section of this directive: issues for Both
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cr pcrtisr.s of sites ss - = t rssuirs furftrver study and ta
encourage voluntary cl«a--c. Screeni.-.;; levels arc defined as a
level = f contamination acove -men tr.ere say oe enouqn concern :
-arrar.t site-specific st^sv r: risks. Levels of contamination
aoove tne screening levei -ou.d NOT automatically require a
removal action, nor designate a site as "contaminated."

Tne residential screening level for lead described in this
directive has oeen calculated vitA tne Agency's new Integrated
Exposure Uptake BiokinetiS Model (IEUBK) nodal (Pub. * 9235.7-is-
2. PS93-9S3511), using default parameters. As outlined in tne
Guidance Manual Cor tne IEUBK Model Cor Lead in Children (Pub. t
9285.7-is-l, P193-963310. February 1994), this model was
developed to: recognize the multimedia nature of lead exposures;
incorporate important absorption and pharmacokinetic information;
and allow the risk csnagar to consider the potential
distributions of exposure and risk likely to occur at a site (the
model goes eeyond providing a single point estimate output). For
these reasons, this approach is judged to be superior to the more
common method for assessing risks of non-cancer health effects
which utilizes the reference dose (RfD) methodology. Both the
Guidance Manual and ths model are available to Superfund staff
through the Superfund Document center (703-«03-t9i7) and to the
public through the National Technical Information Service (703-
4t7-4S50).

Residential preliminary remediation goals (FKGs) for CERCLA
remediations and media cleanup standards (MCSs) for ROA
corrective actions can bo developed using ths XCOBX model on a
site-specific basis, wharo sits data support modification of
model default parameters. At some Superfund sites, using the
IEUBK model with site-specific soil and dust characteristics.
PRGs of more than twice the) screening level have been identified.
However, it is important to note that the model alone does not
determine the cleanup level* required at a site. After
considering other factors such as costs of remedial options,
reliability of institutional controls, technical feasibility,
and/or community acceptance, still higher cleanup levels may be
selected.

The implementation of this guidance is expected to provide
for more consistent decisions across the country and improve the
use of site-specific information for RCRA and CERCLA sites
contaminated with lead. The implementation of this guidance will
aid in determining when evaluation with the ZXDBX model is
appropriats and in asses*ing the likelihood that environmental
lead poses a threat to the public. Use of the IEUBK model in the
context of this guidance will allow risk managers to assess the



csntns-tion of afferent er.vircnr.«rtai sources of l«aa to
overall blood l«ad levels ••.?.. consideration of t-e importance
of soil lead levels relative to i«ad from drinking water, pair.t
and r.cusenold dust). It offers a flexible approach ts
considering risk reduction options (referred to as the "bubble"
concipt) that allows for remediation of lead sources that
contribute significantly to elevated blood lead. This guidance
encourages trie risk manager to select, on a site-specific basis,
the r.ost appropriate combination of remedial measures needed to
address site-specific lead exposure threats. These remedial
measures may rang* widely from intervention to abatement.
However, RCKA and CSRCIA have very limited authority to address
interior exposures from interior paint. For a detailed
discussion of the decision logic for addressing lead-contaminated
sites, see the rmnleiiiencagiQn section and Appendix A.

Relationship to lead paiat guidance. In addition, this
interim directive clarifies the relationship between guidance on
Superfund and RCRA Corrective Action cleanups, and EPA's guidance
on lead-based paint hazards (discussed further in Appendix C) .
The paint hazard guidance will be issued to provide information
until the Agency issues regulations identifying lead-based paint
hazards as directed by Section 403 of the Toxic Substances
Control Act (TSCA)1. Lead-based paint hazards are those lead
levels and conditions of paint, and residential soil and dust
that would result in adverse health effects.

The two guidance documents have different purposes and are
intended to serve very different audiences. As a rssult the
approaches taken differ to so»e degree. The lead-based paint
hazard guidance is intended for use by any person who say be
involved in addressing residential lead exposures (from paint,
dust or soil.) It thus relates to a potentially huge number of
sites, and serves a very broad potential audience, including
private property owners or residents in addition to federal or
state regulators. Much residential lead abatement may take place
outside any governmental program, and may not involve extensive
site-specific study.

This OSWta guidance, on the other hand, deals with a much
smaller number of sites, being addressed under close federal
regulatory scrutiny, at which extensive sits characterization
will have been performed before cleanup decisions are made.
Thus, the MM and C1HCLA programs will often have the benefit of
much site-specific exposure information, this guidance is
intended for use by the relatively small number of agency
officials who oversee and direct these oieanups.

Titte tv of TSCA (iadetef leane <03) *m uMud »y d» Reiidaiiiit !.•*••••< fia« Him*
Act of 1992 (Talc X of Uw How«f wd Community OmlupeMii Act of 1992).
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3otr. trie TSCA SectiCr. ;?: ar.s TSWER prcqrar.s use a flexes.e
t;erea approach. The CS-tS 5» isar.se sets a residential screen I.-.g
'.aval at 400 ppm. As netea aesve. -.".is is not intended to o« a
•• cleanup level" ;3r CS3CLA arc 3CRA facilities, but only to serve
as an indicator tr.at furt.-.er study is appropriate. The Section
403 guidance indicates tnat cr.ysical exposure-reduction
activities may be appropriate at 400 ppm, depending upon site*
specific conditions sucn as use patterns, populations at risk and
otner factors. Althougn worded somewhat differently, the
guidances are intended to be siailar in'effect. For neither
guidance is 400 ppn to automatically be considered a "cleanup
level"; instead, it indicates a need for considering further
action, but not necessarily for taking action. Neither is meant
to indicate that cleanup is necessarily appropriate at 400 ppm.
The greater emphasis in this OSWER guidance on determining the
scope of further study reflects the fact that both CERCLA and
RCRA cleanups proceed in stages with detailed site
characterization preceding response actions in every case.

Above the 400 ppm level, the Section 403 guidance identifies
ranges over which various types of responses are appropriate,
commensurate with the level of potential risk reduction, and cost
incurred to achieve such risk reduction. For example, in the
range of 400 to 5000 ppm, limited interim controls are
recommended depending, am noted above, on conditions at the site,
while above 5000 ppm, soil abatement is recommended. This OSWZR
guidance does not include) comparable numbers above 400 ppm;
instead, as discussed above, it recommends the site-specific use
of the ICUBK model to set PRGs and MCSs, when necessary. The
remedy selection process specified in the National Contingency
Plan (NCP) should then be used to decide what type of action is
appropriate to achieve those goals.

In general, because the Section 403 guidance was developed
for a different purpose end audience, OSWEX does not recommend
that it be used as a reference in setting PRCs and MCSs or in
determining whether action at a particular site is warranted.
(To put it another way, it generally should not be treated as a
"to be considered1* document or "TIC" under CXXCLA.) The section
403 guidance is meant «*} provide generic levels that can be used
at thousands of widely varying sitss across the nation. The
detailed study that gites en at CZXCXA or RCRA sites will allow
levels to be developed that are more narrowly tailored to the
individual site. Nothing in the section 403 guidance discourages
setting more site-specific levels for certain situations; in
fact, it specifically identifies factors such as bioavaliability
that may significantly affect the evaluation of risk at some
sites.

Tie ZIOBX medel. The Agency is further studying both the
IEUBK model and analyse* of epidemiologic studies in order to
better develop the technical basis for rulemaking under TSCA

•
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Saction 403. Tha Agancy .-.ttr.ds ts prosulgata raguiations u.-it-
Section 403 setting healt.-.-easad standards for laad in soil a-.i"
dust. OSWCX mtands ta .ssua a final soil laad diraetiva onca
t.*.a TSCA Saction 403 ragulaticns are finalized. For additional
i.-fcrnation on TSCA Sacricr. ;:: daveiopsents, call (202)
260-18*6.

However, tne Agency believea that risk managers (risk
assessors, on-scane coordinators, remedial project managers, and
other decision-Bakers at Superfund and RCJtA aitaa) are currantly
in need of the beat guidance available today. The Agency
believes that the IEU1K model is the best available tool
currently available for assessing blood load levels in childran.
Furthermore, use of the XEUBX provides a 1 love the risk managar to
consider site-specific information that can bo very important in
evaluating remediation options. Therefore, using the lataat
developments in the XCUBK model and the collective) experience of
the Suaerfund, RCKA Corrective Action, and TfCA Section 403
programs, the Agency is offering this guidance and is
recommending a residential screening level for Superfund and RCRA
sites of 400 ppm.

•MKMOBIIP

pawn guidance riasa-ittn . Four guidance documents on
soil leed cleanup were issued by OSWtX during the period of 1989-
to 1991:

1. September 19s9, OSWtft Directive MISS. 4-02. This
guidance recommended a soil lead cleanup level of soo -
1000 ppm for protection of human health at residential
CEXCLA sites.

2. May 9, 1990. RCXA Corrective Action program guidance
on soil lead cleanup. This guidance described three
alternative methods for setting "cleanup levels" (not
action levels) for lead in soil at ftOIA facilities.
One approach was to use levels derived from preliminary
results of XIUBK model runs. The) other two approaches
were to use) the range of SOO to 1000 provided in the
If ft directive on CtRCLA sites, or to use "background"
levels at the facility in question.

3. Juno 1990, OSWtft Directive 093SS.4-02A. Supplement to
Interim Guidance on establishing Soil Laad Cleanup
levels at Superfund Site*. This memorandum ̂ iterated
that the September 1919 directive was guidance and
should not be interpret a* as regulation.

4. August 29, 1991. This s.pc.anental guidance discussed
CPA's efforts to develop i -•- directive that would
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accomplish tvo ce;«~;v«s: (l) account for the
contribution fres -uitipla »«di« to total Itad
txpo»urt; and, f2) provide a stronger scientific Sa$;$
for determini."' a sc;l lead cleanup level at a specif--
site.

af the rtt?mjy Model far CSWER u«^. During the 1919-9;
tine period, uee of the- CPA lEL'BK model wee identified •• the
best available approach for accomplishing the objectives outlined
in the August 1991 guidance. The model integrate* exposure from
lead in air, water, soil, dust, diet, and paint with
pftarmacokinetic modeling to predict blood lead levels in children
(i.e., children 6 to t 4 Months old), a particularly sensitive
population.

In the spring of Hi I, OSWER organized the Lead Technical
Review workgroup to assist Regional risk assessors and site
managers in both using the model and making data collection
decisions at COICLA and ftCRA sites. The workgroup was composed
of scientists and risk assessors from the Regions and
Headquarters, including ths Office of Research and Development
(ORO) , and the Office of Pollution Prevention and Toxic
Substances (OPPTS) .

In November itfl, ths IPX Science Advisory Board (SAB)
reviewed the seientif ie Merits of using the ZIOBX model for
assessing total Isad exposure and developing soil lead cleanup
levels at COICLA and RCXA sites, in general, ths SAB found the
model to bs an important advance in assessing potential health
risks from environmental contaminants. However, the SAB also
recommended additional guidance on the proper use of the model.

Zn response to SAB concern over ths potential for incorrect
use of the model and selection of inappropriate input values both
for default and site-specific applications, OStftH developed a
comprehensive "Guidance Manual for ths Integrated Exposure uptake
Biokinetic Model for Lead in Children" (referred to in this
interim directive as ths) "Guidance Manual"). This Guidance
Manual assists the usor in providing inputs to the, model to
eetimate risks fro» exposures to lead. It discusses the use of
model default values or alternative values, and ths application
of the model to characterise site risks. Use of ths Guidance
Manual should facilitate consistent use of ths IEUBK model and
allow the risk assessor to obtain valid and reliable predictions
of lead exposure. Ths Lsad Technical Review workgroup has been
collecting data to further validate tne model and to updats the
Guidance Manual as nssdsd.

approach for calculating a screening level for Isad (including
expoeure assumptions), set forth in tr.is Revised Interim Soil
Lead Directive, supersedes the guidj-:* provided for calculating



"action" levels sat fort.-. . - i.cp«r.iix 3 of tha proposed Subpart -
Corractive Action ruia. :.-. t.-.a July 27, 1990 RCRA proposal (55
•aderal flegijeer 30793;, r?> i.-.traducad tha concapt of "action
lavels" as trigg.tr lava Is f = r further study and subsequent
rar.adiation at RCRA facilities. In this raspact, the currant
diractiva's "screening iavals" ara analogous to tha proposad
rula's "action Iavals." In tna proposal, vhara data wara
available, action Iavals wara davalopad for tnraa pathways of
human exposure to contaminants: soil ingestion, watar ingestion
and inhalation of contaminated air. Cxposura assumptions usad in
tha calculations wara sat out in Appendix D of tha proposal. For
tha soil pathway, action Iavals wara calculated two diffarant
ways depending on whether the contaminant in the soil was a
carcinogen or a systemic toxicant. Although lead was listed in
Appendix A of the preamble to the rule as a class B2 carcinogen,
no action level had been calculated because neither a
carcinogenic slope factor (SF) nor a reference dose (RfD) had
been developed by the Agency. Although the guidance in Appendix
0 of the proposed corrective Action rule regains in effect with
respect to other hazardous constituents, this directive now
a1Iowa for the development of the lead screening ("action") laval
using the IIUBK model.
Raeent davelonmenca fltta-»ga«antl. Polloving discussions among
senior Regional and OStmt management, the OffWIR Soil Lead
Directive workgroup (composed of Headquarters, Regional and other
Federal agency representatives) recommended in the spring of 199-2
that a "two step" decision framework be developed for
establishing cleanup levels at sites with lead-contaminated
soils. This framework would identify a single level of lead in
soils that could be used as either the PRO .for CIRCLA site
cleanups or the action level for RCRA Corrective Action sites,
but would also allow site managers to establish site-specific
cleanup levels (where appropriate) based on site-specific
circumstances. The XEUBK model would be an integral part of this
framework. Ofwat then developed a draft of this directive which
it circulated for review on June 4, 1992. The draft set 300 ppm
aa a PRG and an action level for RCRA facilities in residential
settings.

Following development of this draft, OSMtH held a meeting on
July 31, 1992 to solicit a broad range of views and expertise. A
wide range of interests, including environmental groupe, citizens
and representatives from the lead industry attended. This
meeting encouraged OSWtR to think ?are broadly about how the
directive would affect urban areas, .-.aw lead paint and dust
contribute to overall risk, and ho. c.ood lead data could be usad
to assess risk. In subsequent meetings with the Agency for Toxic
substances and Disease Control (ATsrai and the Centers for
Disease Control (CDC), options wera 4:scusse4 on how to use blood
lead data and the need to evaluate trta contribution of paint. In
addition, during these meetings, * -:*::sion tree" approach was



suggested tna«.' proposal Hf:fftr«r.t trrrtlhold levels (pr;-ary a.-.i
secondary) for screening 2«c:sior.s, action daemons and land 1st
patterns.

Findings 'row the tr.rtt cities (Baltiaor«, Boston, and
Cincinnati) of the Urban Soil Lead Abatement Demonstration
Project (peer review scheduled for complation in lata 1994)
indicate that dust and paint ara major contributors to elevated
blood lead levels in children. Furthermore, preliminary findings
suggest that any strategy to reduce overall lead risk at a site
needs to consider net only soil, but these other sources and
their potential exposure pathways. (For further information on
this demonstration project, contact Or. Rob Zlias, USEPA/ORD,
Environmental Criteria and Assessment Office (ECAO), RTF, (919)
541-4167.)

Finally, in its efforts to develop this interim directive,
the OSWER Soil Lead workgroup has met with other EPA workgroups
including the TSCA Section 403, Large Area Lead Sites, and Urban
Lead workgroups, as well as other Federal agencies including the
Agency for Toxic Substances and Disease Registry, the Centers for
Disease Control, and the Department of Housing and Urban
Development.
Derivation of Lead aere^emina Levels. Development of the
residential screening level in this interim directive required
two important OSWEK decisions, l) OSWOt determined that it would
seek to achieve a specific level of protectiveness in site
cleanups; generally, 0*tftR will attempt to limit exposure to
soil lead levels such that a typical (or hypothetical) child or
group of similarly exposed children would have an estimated risk
of no more than 3% of exceeding the a 10 j*g lead/dl blood lead
level. This 10 jtg/dl blood lead level is based upon analyses
conducted by the Centers; for Disease Control and EPA that
associate blood lead levels of 10 «g/dl and higher with health
effects in children; however, this blood lead level is below a
level that would trigger medical intervention. 2) In developing
the residential screening level, OSWER has decided to apply the
EPA's XIUBX Bedel on a site-specific basis. This model has been
designed specifically to evaluate exposures for children in a
residential setting. Current research indicates that young
children are particularly sensitive to the effects of lead and
require specific attention in the development of a soil screening
level for lead. A screening level tnat is protective for young
children is expected to be protect; ••• for older population
subgroups.

In general, the model generate* * probability distribution
of blood lead levels for a typical .-•..3. or group of children,
exposed to a particular soil lead .---re-tration and concurrent
lead exposures from other sources. *•• spread of the
distribution reflects the observes ir.tcility of blood lead

-a-



levels in several conrur.-:«s. T.K.I$ variability arises !rc-
several sources including eer.avioral and cultural factors!"

TJie identification cf lead exposures from other sources (due
to air, water, diet, pair.t, etc.) is an essential part of
characterizing the appropriate olood lead distribution for i
specific neighborhood or site. For the purpose of deriving a
residential screening level, the background lead exposure inputs
to the IEUBK model were determined using national averages, where
suitable, or typical values. Thus, the estimated screening level
of 400 ppm is associated with an expected "typical" response to
these exposures, and should not be taken to indicate that a
certain level of risk (e.g., exactly 5% of children exceeding 10
ug/dl blood) will be observed in a specific community, e.g., in a
blood lead survey.

Because a child's exposure to lead involves a complex array
of variables, because there is population sampling variability,
and because there is variability in environmental lead
measurements and background level's of lead in food and drinking
water, results from the model may differ from results of blood
lead screening of children in a community. Extensive field
validation is in progress. The model will be evaluated further
once these efforts are completed.

QSJECTITB

With this interim directive, OSWER recommends using 400 ppm
soil lead (based on application of the ZEwlK model) as a
screening level for lead in soil for residential scenarios at v>
CCRCLA sites and at RCRA Corrective Action sites. Residential
areas with soil lead below 400 ppm generally require no further
action. However, in some special situations, further study is
warranted below the screening level. For example, agricultural
areas, wetlands, areas with ecological risk, and areas of higher
than expected human exposure are all situations that could
require further study. Per further guidance on ecological risks,
Superfund risk managers are encouraged to consult their Regional
Biological Technical Assistance Groups (iTACs; see Appendix 0).

Generally, the ground water pathway will not pose a
significant risk since many lead compounds are generally not
highly mobile. However, there are situations where, because of
the form of lead, hydrogeology, or the presence of other
contaminants at the site, lead may pose a threat to the ground
water. In these situations, additional analysis is warranted,
and the Superfund Regional Toxics Integration Coordinators
(RTZCs; see Appendix •) or RCRA hydrogeologists should be
consulted.
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whil« recognizing t.-.at urear. lead ;$ a significant preolt-
this interim diractive :s not designed to be applied in
addressing the potential t.-.reat of lead in urban areas otner tr.ar.
at CERCLA or RCRA Corrective Action sites. Guidance and
regulations to be developed under TSCA Section 403 will provide
an appropriate tool for addressing urban sites of potential
concern.

Generally, where the screening level is exceeded, OSWER
recomnends using the IIU1JC model during the Remedial
Investigation or the RCRA Facility Investigation for evaluating
potential risks to humans from environmental exposures to lead
under residential scenarios. Site-specific data need to be
collected to determine PRGs or MCSs. At a minimus, this may
involve collecting soil and dust samples in appropriate areas of
the site. Further miidanca on data collection or modification of
the non-residential equation can be obtained by contacting the
RTZCs or RCRA Regional rifle assessors, who in turn may consult
the Lead Technical Review Workgroup.

The typo of site-spoeific data that should ba collected will
obviously depand on a nuftbar of factors, including the proximity
of residences to the contaminated soil, the prasanea of sita
acceas controls, and othar factors that would influence tha
probability of actual huaan axpoaure to tha aoila. At a minimum,
whan residences ara at or naar tha sita, it is expected that
using tha modal will genarally involve taking soil and dust
samples from appropriata areas of tha sita. In many caaaa, it
may not ba necessary to gather certain types of data for input
into tha modal. For axaapla, whan there ara no raaidaneaa
nearby, or where thara is otherwise no exposure or vary limited
exposure to lead contamination, it may not ba necessary to
collect site-specific data (a.9., duat, vatar, paint, blood-lead,
etc.)

In developing a PRO for CIRCLA sites or a MCS for RCRA
facilities, C9A racoawanda that a soil lead eoneantration ba
determined so that a typical child or group of children exposed
to lead at this laval would have an estimated risk of no more
than St of excaading a blood load of 10 ug/dl. Zn applying the
IEUBK modal for thia purposa, appropriata sita spacific data on
modal input parameters, including background expoaures to lead,
would ba idantified.

Whan tha PRO or MCS is axceeded, remadial action is
generally recommended. Such action does not, however,
necessarily involve) excavating soil. A ranga of possible actions
may ba conaiderad, as discussed in greater dstail under tha
implementation section of this direct.vt: Issues for Both
Programs.
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^PLEMEMTATIOM

Suaarf und

This interi3i diract:v« applies to all futura CERCLA Reaedia;
Investigation/Feasibility Study (RI/FS) work; this interia
diracti,va should generally not ba appliad at sitas for which risk
assessaents hava baan completed. For removal sitas, this intaria
directive recomaends that dacisions regarding removal actions ba
considarad first by tha Rational Oaeision Taaa (ROT) . Tha ROT
will than rafar sitas to tha ramoval prograa for aarly action, as
appropriata.

Tha approach in this intaria diractiva halps aaat tha goals
sat by tha Suparfund Acealaratad Claanup Medal (SACM) for
streaalinine raaadial decision-making. (This streamlined approach
is described in Appandix A, «uaa«a««4 a«ei«i«H» ̂ ^\r fpg eragTA•fi«f »g*A earraetiva Action. i This interim diractiva also .
recognises that othar aatheds (a. 9., slope studias and othars)
for evaluating risks at laad site's aay also be appropriata and
aay ba usad in liau of, or in conjunction with, tha XIU1K aodal.
If an altarnata approach to laad risk assassaant is to ba
appliad, an SPA sciantific raviav should ba obtained. For
axaapla, axpart statisticians would need to raviav slopa factor
calculations for statistical biases before their use could be
supported. Recogniaing that all assassaant aathoda involve soae
uncertainties, the Agency, at this tiaa, believes the XtVBK aodal
is the aost appropriate and widely applicable tool for Suparfund
and RCRA sites. Alternatively, CPA aay reajuira setting cleanup
levels below the acreenina. level if aite-specifie circumstances \̂
warrant (e.g, ecological risk). For further information on tha
use of the XEUBK aodel at CUtCXA sites, contact the Regional
Toxics Integration Coordinators identified in Appendix B.
RCftA Corraetiva

Xt is expected that the RCRA corrective action prograa will
generally follow an approach siailar to CtftCtA's (as described
above) in using the ITO1K aodal. in the case of RCRA facilities
at which lead contaminated soils are of concern, collection and
evaluation of data for the purpose of using the aodal will be
priaarily the responsibility of the owner /operator.

cleanup of soils vs. ether leed seureast oswiR's approach to
assessing and Anaging risks froa laad *• intended to address tha
aulti-aedia/Bulti-sourco nature of environments! leed exposures
because it is expected that people at or neer CtHCLA and RCRA
Corrective Action sites will experience lead exposures froa
sources in addition to contaainatad soil. Xn some instances,
these othar exposures aay be large t a.. where there are
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children living ...
deteriorated paint)
exposure may be
specific risk assessaer.
risk management options

From an assessment perspective, estimating blood lead
levels, that raignt result from exposures at a site, depends on
appropriately integrating exposures from all relevant media.
Specifically, it is important to consider direct soil exposures
and indoor dust exposures (whicn can include contributions from
botn soil and lead-based paint) on a site-specific basis, as well
as any contributions from drinking water or other local sources
of lead exposure. In using the IEUBK model to estimate blood
lead levels, it is i«poreant to not* that the risk attributable
to soil lead exposures is dependent upon the existing level of
exposures froa other sources. That is, the amount by which the
total risk would be lowered if all exposures to. lead in soil were
removed is not a constant, but varies with the level of existing
non-soil exposures. This is because the model derives a
"distribution" (rather'than a simple point estimate) as an output
whose shape and site'is quite dependent on the predicted
variability of exposures from each lead source. As a result,
other factors being egual, the risks attributable to soil vill
generally be higher ia the presence of elevated lead exposures
from other sources. Therefore, in applying the XIUBK model, the
risk attributable to soil lesd can be predicted as the difference
between the risk estimated when all sources of lead exposure are
assessed, and the risk estimated considering only non-soil
related exposures. This concept is especially important when
evaluating different options for risk reduction at a given site.

From a risk management perspective, achieving a safe
environment for populations at CEXCLA and RCJU Corrective Action
sites may require attention to multiple sources of lead, not all
of which may be relates] to contamination from the source that was
the initial concern st the site. Generally, the goal of the
Agency, while acting vittoin the constraints of CEftCLA and RCRA
legal authorities, is to reduce, to the maximum extent feasible,
the risk of having significantly elevated blood leed levels, on
a site-specific basis this can include remediation approaches
that would lead to reduction of exposurs from other sources, such
as lead-based paint, in conjunction with appropriate soil
remediation. Following from the risk assessment discussion in
the previous paragraphs, exposures from leed in soils may have a
lesser impact in producing high blood lead levels if existing
exposures from lead-based paint are reduced.
Abatement vs. Istervemtiesf Remedial measures can be divided
into those that remove the source of contamination (abatement)
and those that leave the contaminate-! in place but block the
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exposure patnvay (i.ntervert :sr; . T.fc.«se combinations of -«as-rts
sight include but not ce ::-;ced 'o:

Abatement - soil rercva; cr :r.ttr:cr and exterior lead paint
abatement.

Intervention - .institutional controls, education/public outreach,
gardening restrictions, indoor cleaning and dust
removal, or additional cover.

Generally, the most appropriate CCTC1A or RCJU response
action or combination of actions will be based, in part, on the
estimated level of threat posed at a given site. However, as
mentioned earlier, key decision criteria also include the overall
protectiveness of response options, attainment of Applicable or
Relevant and Appropriate Requirements (for cntCLA), a preference
for permanent remedies, implementability, cost-effectiveness, an*
public acceptance. Intervention measures may be more appropriate
than abatement (e.g., soil excavation) at many sites, especially
in areas where soil lead levels fall at or near the site-specifir
PRO or MCS.

Addressing exposure from other sources of lead may reduce
risk to a greater extent and yet be less expensive than directly
remediating soil. Zn some cases, cleaning up the) soil to lev
levels may, by itself, provide limited risk reduction because
other significant lead sources are present (0.9., contaminated
drinking water or lead-based paint in residential housing). If
it is possible to address the other sources, the most cost-
effective approach may be to remediate the other sources as well
as, or (if exposures to lead in soil are relatively low) instead
of full soil lead abatement.

Lead-based paint can be a significant source of lead
exposure and needs to bo considered when determining the most
appropriate response action. Interior paint can contribute to
elevated indoor dust lead levels. In addition, exterior paint
can be a significant source of recontaminaeion of soil. Appendix
A-3 of this document contains more information on how to evaluate
and address the contribution of paint.

certain legal considerations arise in considering
remediation of sources other than soil. In particular, interior
exposures) from) interior paint generally are net within the
jurisdiction of JtOU or COCLA. In addition, where other sources
are addressed, issues may arise reoarding the recoverability of
costs expanded by the Agency, or tr.e possibility of claims being
asserted against the Fund where ot.-.er partiee are ordered to do
the work.

As discussed above, in consider.-? whether to address
sources other than soil, it is nec»«t»r. to consider the risk
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that would remain fran t.-.e ;«ai :.-. t:-.e soil, in scae casts
after risks frot$ other fs-r=es nave oeen addressed, unrestrlctti
exposure to soil' could ee allowed wrule still being protective
;».g., where the IT.'BK r.odel result was heavily affected by the
ctr.tr sources). In other cases, soil risks may still be high
enough to require abatement, containment or institutional
controls to prevent high levels of exposure. In such cases,
before a conclusion ia made that the overall remedy will be
protective, institutional controls should be carefully studied to
make sure that they will be implementable, effective in both the
long-tern end short-term, and likely to achieve community
acceptance.

A potentially uaaful approach that can be considered in
conjunction with other, aore ectiva meesures in reducing blood
lead levels is to develop and promote public education and
awareness program* that focua on the causa* and prevention of
lead poisoning in children. EPA's Office of Pollution Prevention
and Toxics (OPPT) provide* information on abatement of lead-baaed
paint by the homeowner as vail as inexpensive preventive measures
the public can take to reduce their exposure to lead. Additional
research to evaluate the effectiveneee of educational efforts in
reducing lead exposures are needed to allow batter evaluation of
the usefulness of this option. Further, OPPT is assessing the
effectiveness of various lead paint abatement options eaphaaising
low-cost methods. For additional information, contact the
National Lead Information Center at l-IOO-424-LIAO.

Mining-related siteei Both risk assessors and site managers
should be aware that there are e number of factors that affect
the relationship between soil lead concentrations and blood leed
levels. These factors include the variability in soil lead
contribution to house dust levels, or differences in the
bioavailability of lead. See discussion in next section, tiee of
blood leed data, for assessing differences between measured and
predicted blood lead levels.

Thus, for mining-related sites without significant past
smelting/milling activity, this interim directive encouragea
further research for characterising the potential impact of
particle size and apeciation on soil bioavailability.

Sits managers and risk assessors are cautioned that moat
areas impacted by mining activities are also associated with
present or historical smelting or milling oparationa.
Generalizetions regarding distinct differences between mining and
amalting or milling sites should be avoided until adequate aite
history and characterisation are complete.

Use of bleed laed da tat Xn cor;--acting Remedial
Investigations (HIa) for CttCLA or RCRA Facility Investigations
(RFXs) for RCXA Corrective Action, t-« interim directive
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recommends evaluating availafii* blood lead data. :.-. sore cases
it may be appropriate to collect new or additional blood lead
samples. In general, data from veil-conducted blood lead studies
of children on or near a s:te can provide useful information to
Dotn the risk assessor and site manager. However, the design a.-i
conduct of such studies, as well as the interpretation of
results, are often difficult because of confounding factors sucn
as a snail population sample size. Therefore, any available
blood lead data should be careful'./ evaluated by CPA Regional
risk assessors to determine their usefulness. The Guidance
Manual discusses how co evaluate observed blood leed survey data
and blood lead data predicted by the XEUBK model.

The Guidance Manual recommends that blood leed data not be
used ajjanj either to assess risk from lead exposure or to develop
soil lead cleanup levels. During its review of the XIUBK mciel.
the SAB supported this position by asserting that site residents
may temporarily modify their behavior (0.9., wash their
children's hand* more frequently) whenever public attention is
drawn to a site. In such eases, this behavior could mask the
true magnitude of potential risk at a site and lead to only
temporary reductions in the blood load levels of children. Thus,
blood leed levels below 10 M9/dl aro not necessarily evidence
that a potential for significant load exposure does not exist, or
that such potential could not occur in the future.

Moa-rosidemtial (adult) soreeaiag level. EJA also believes
there is a strong nood to develop a non-residential (adult)
screening level. The XIUBK model is, however, not appropriate
for calculating this screening levol sines it is designed
specifically for evaluating lead exposures in children. At this
time, EPA is considsring a few options for developing this
screening level. Several adult models have recently become
available. Developing a scrssning level by using any of them is
likely to require significant additional work by tho Agency.
This work might include testing, validation, and selection of one
of the existing models or development of its own model, both of
which would require a considerable amount of time. Consequently
this would probably be a long-term option. A short-tar* option
would bo to develop a screening level besod on a simple approach
that approximates tho more complicated biokinotics in humans.
This can serve in the interim while more sophisticated adult lead
exposure assossaent tools can be identified or developed.
MBXZfil* Users of this directive should boar in mind that the
recommendations in this document are intended solely as guidance,
and that CPA risk managers may act at variance with any of these
recommendations where site-specific conditions warrant, as has
been noted above. Those recommendations aro not intended, and
cannot be relied upon, to create a^y rights, substantive or
procedural, enforceable by any part, ;n litigation with the
United States, and may change at a*, t.-e without public notice.
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Apper-ix A-l

Suggested Decision logic for Xaaidaatial feaaarios
for CCTCLA and RCXJt Corrective Actioa

stap i: 3eteraine soil lead concentration at tAa site.
i: soil iaad is lass tAan 400 ppa:
STOP, no furtAar action is raquirad, UNLCSS special
circumstancea («ucn aa tAa presence of wetlands, otnar
araas of ecological risk, agricultural araas, sAallow
aquifers, or otnar araaa of potentially Aigh axpoaura)
warrant furtAar study.
If soil Iaad is graatar than 400 ppa:
PROCflO tt. Stap 2, UNtCSC 400 ppai is aa lac tad aa a
claanup goal basad on considaration of all ralavant
risk «anaga«ant factors.

Stap 2: Cvaluata probabla land usa and davalop axpesura
scanarios.

Stap 3: Collact appropriata sita-spacific data basad on '
salactad scanarios.
For axaapla, saapling data «ay includa:

Soil and dusts (at a Biniau*), paint, vatar, *nd
air
For uniqua sita situations, data on apaciation and
particla sixa, and banavioral activitiaa may ba
raquirad.

Availabla blood Iaad data:
If blood Iaad data ara available, consult tAa
Guidance Manual and Haoional Risk Asaaaaor.
If blood load data ara not available. Regional
Rlok Assessors and site managers should consider
tlM appropriateness of conducting a blood lead
study to supplement available data.

Stap 4: Run the XIOSK model witA «.:•-specific data to eatimata
risk and evaluate key expcs.ra patAvays at tAe site.

If blood lead data *r» r.-«liable, coapare tAe data
to tAe model results

step S: where risks ara signifies* evaluate raaedial options.

A-:



.. .sad-&asad fxttrisr sr i.-.taricr paint is»»}or cantrisutsr ta «xposura. no Suparfund
RCRA corrtct: . as-.:cn Is varrantad. *

If soil is t.1« only major contributsr to
l««d. . r..pon.« „ soil cantaminmtion i,
but paint aMt«n«nt is not.

If both txttrior l»d-b.s«d paint and soil ar« mtior
contributor, to .xposur.. con.id.r r.Mdiatino bot?

If indoor dust l«v«ls arc grvatar than soil lav«is
con«id«r «v»iv%ting th« contribution of int.rior
l«ad-ba««4 paint to th« dust l.v.ls. If intariar
la«d-ba.«tf p*int i, . M,Or contributor? cSwIi
r.s«di.tin« indoor paint to achim a 9r«at«r ori«fc r.duction at lov.r cost. (s«« ApJ.nd!* A^
MOTI: AvUlabU authority to r«Mdiat« l«ad-baaad
undar CZXCUt and RCXA i« ««r«rty iSitU?)

St*P **' fl-̂ L1?"1**"**1 P'«*ict« •l«vat«4 blood laads,S %5i!LusieL;ft? •i:?-p^i"e w«to reflect rdMdlal options in Stap s to
sita-sp«cific mes or NCSa for soil.
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iX A-2

Suggoatad Daeiiion Logic for Laad-baaad Paiat
for cntCLA and acRA corrective Aotiea

;if soil laad lavals are below acreening levels, lead-baaed
paint could be addraaaad by authorities other than RCXA or
COICLA.)

Xf soil laad levels are above screening levels:
Step l. Examine condition of exterior paint and determine

its lead content, if any.
If paint is deteriorated, assess contribution
or potential contribution of paint to
elevated soil leed levels through apeciation
studies, structural aquation modelling, or
other statistical methods.

Step a. Evaluate potential for recontamination of soil by
exterior paint. '

Step 3. Remediate exterior paint only in conjunction with.
aoil.

Determine appropriate remediation baaed on
risk management factors (e.g., applying the
nine criteria), remediating the major
contributor first.

step 4. examine condition of indoor paint and determine
its lead content, if any.

If indoor dust load concentration is greater
than outdoor soil lead concentration (because
of contamination from both interior paint and
outdoor soil), raaadiate indoor dust (a.g.,
through a removal actien, or making HIFA-VACS
available to community).

Stem S. one* the risk from indoor paint has been assessed,
examine options to asata indoor paint (a.g., PRF,
state, local, HUO) and consult TSCA section 403
program for additional information and/or
guidance.

step «. While RCXA and CXfiClA *avo very limited authority
regarding the cleanup ot interior paint, the
remedy may take into account the reduction of
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total rii*"tr.at -ay icsur ;.' :nttrior =«lr- ..
addrtistd by ctr.tr -tans. T*uf, for txaaolt a
Rteord cf 5«e:sisn 'ROD) or Stat«mtnt of ia«i«
(SB) say rtcoqmzt t.nat incanor i««d-ba««d paip-
i« b«iaf *4drtss«d by oth.r m«ans. and narrow t?i"
r««pen«« accordingly (pesaibly making this
continent on complttion of tft« intarior l««d-

paint aeactacne affcrr.
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Relationship bstveen the OSWEI soil Lead Directive
•ad TSCJk Section 403 Guidance

Since leed exposures occur through all media, a variety of
Agency programs address lead under a number of statutes. Lead :.-.
soil ;» addressed under TSCA Section 403. the RCRA Corrective
Action program, and CBtCLA. each of wnicn differs somewhat in the
types of sites that apply and tne types of standards that are
used. These differences are primarily due to differences in the
purposes of the programs and the authority granted by the
statutes under which they are developed. Section 403 soil
standards will apply only to residential soil and the current
TSCA guidance is generic in nature, with the) sam« standards
applying on a nationwide basis. Given the wide applicability of
Section 403, generic standards are used in the current guidance
in order to reduce resource requirements, as compared to site*
specific decisions which can involve expensive and time-consuming
analyses. Required RC*A and CCXCLA activities are determined on
a site-specific basis. The agency's recommendations for
evaluating RCRA Corrective Action and CtftCLA sites are contained
in the oswtx Interim Soil Lead Directive. ?

In all three of those programs, the Agency's approach is to
consider soil lead in the context of other lead sources that may
be present and contribute to the total risk. For example, TSCA
Section 403 specifically requires the Agency to consider the
hazards posed by lead-based paint and lead-contaminated interior
dust, as well as lead-contaminated soil. Likewise, the OUTER
Soil Directive includes evaluation of other lead sources at a
site as part of site assessment/investigation procedures. In
addition, the primary focus of the three programs is primary
prevention — the prevention of future exposures from the
source(s) being remediated.

The fundamental difference between the relatively new TSCA
section 403 program and tae RCHA corrective Action and CZRCtA
cleanup programs is that* under current guidance the lection 403
proqram seeks to establish national standards to prioritise
responses to lead haaards whereas tne other two programs usually
develop site-specifid cleanup requirements. This is because TSCA
Section 403 deals with a potentially nuge number of sites, and
resources for tae investigation needed to accurately identify
their risks are typically very liaited. Therefore most decisions
under Section 403 will be made witr. ..ttle or no regulatory
oversight and clear generic guidelines will be more effective.
The more established ROU and C»CL> programs, on the other hand,
deal with a much smaller number of s.tes, at which extensive site
characterization will have been perf:r-ed before cleanup
decisions are made. In addition, fete proerass have well-
established funding mechanisms.
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Appendix 3

suporfuad Biological Ttcaaieal Assistance Group coordinators
(ITAfls)
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Appendix D

Suporfund Biological Ttchnieal Assistance Group Coordinators
(lTAfi«)

David Charter* 90S/904-4024 90I/J21-4724
Mark Sprenoer
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Appendix 3 (Continued)

Superfuad Biologic*! Technical Assistaace Group Coordinators
(•TAG*)

Jen Rauceher
Susan Swenion Roddy
USCPA Ref ion « <*M-fR)
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303/3f4-7«l« 303/293-1330

Doug Steele
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411/744-2309 41S/744-19X6

Bruee Ounean
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1200 «tl» Avenue
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MEMO TO: Tom Long

FSOM: Maurice

DATE: ~uly, 21, 1994

SUBJECT: 3BSFOHSB TO CCH00QI7S OF Q.5. SPA REVIEWERS RJ5GAHDIBC THE
GRAMOTE CITY LSAJD STDDY DRAFT REPORT

The subject review document is presented in tvo parts. The
first part is a langthy and detailed discussion, taraad a "general
issues" section. The second part of the review docuaent contains
specific coannants. Howev«r, the 'general' comments section
actually recapitulates all of the specific cenents contained in
the second half of the docuaent. In order to facilitate
understanding the relationship of the coanantc and responses, the
responses presented below are numbered so as to correspond tc the
nuaoered comments in the general issues section.

1.1 Participation by zone has already be«n presented.

We made an extra effort to recruit in the hign soil laad area
- phone calls to resident* e-eartad with this area, continued
throughout -he study.

1.2 The tsra "control group" iaplies tnat chara La a, clear
definition of what, how, and why we are controlling by design or
analysis strataoy. In this case Pontoon Beach v*« different with
respact to SES and living conditions (e.g. newer hones; a trailer
park; . Thay were not coaparaBle to resident a in our aain study
area (concoAad of old houses situated near the proposed cleanup
area) . Residents frcn neighboring; araa« of Granite city vere far
cora comparable to our taroertrgroup, and therefore, provided tha
bast fraae of reference for evaluating the affects of soil laad.

Usa of a "control group" is actually an error In taa design of
studies of the effects of residential lead, unless it can be shown
that the control group is like the study group in a vary respect
except soil lead level. Our sample of subjects drawn from a aors
hoaogenous population spread over a distinct gradient of soil lead
levels is th* only sensible study design under these conditions.

1.3 Re-sampling of blood lead. coobinad vith counselling
intervention, resulted in a greater drop in blood lead than
expected.



2.1 It >.as the EPA that developed the protocol tor saapling house
duat. The EPA developed criteria for evaluating the qualifications
cf prospective contractors, and selected the contracror who did rhe
work. The EPA has all of the environmental data.

2.2 Again, the EPA developed the protocol for saaple collection
and QA/QC. The EPA selected and supervised the contractor that
collected the saaples. The EPA has toe data.

2.3 Again, the EPA developed tie protocol for sample collection
and QA/QC. The EPA selected and supervised the contractor that
collected the samples. The EPA has the dara.

Unfortunately, some copies of our report were inadvertently
distributed without an 'Appendix A' (the SPA soil collection
protocol). That appendix is attached to this document as
'Attachment i' to aid those reviewer a who did not receive a copy of
Appendix A earlier.

Ten soil saaples were collected froa the primary play areas in
the yard around each house. Ho soil samples were taken froa within
the drip line of the house. A composite soil sample was made froa
the ten saaple*. This procedure should have yielded a
representative soil sample from the yards and play areas, since
the great majority of the yards were very small, it is highly
unlikely that the soil sampling protocol could have yielded
unrepresentative soil lead results.

2.4 In both the inside (Ci=i,2,3,4) and the outside (CO*1,2,3)
rating of the condition of the house, the higher score was for the
worst condition. This is a routine rating used by certified
contractors specializing in lead paint inspection programs.

3.1 Although it Is potentially useful to know chat blood lead
peaked in our study sample at around two years of age, the simple
descriptive statistics that we present convey this information most
directly. The siaple graphic we present shows exactly at what age,
and 4t what level, blood lead levels peak. It also shows the slope
of the decline with age. Compered with this graphic presentation,
the quadratic regression term recommended By the reviewer would
have i>c =**nina to aost readers of the report.

Eapioying an nonlinear age covariate in blood lead regression
models could increase slightly the amount of blood lead variance
accounted for by age. That •/?•''d have the effect of reducing
slightly the amount of variance in blood lead remaining for other
variables, such as soil and dust, to explain, rtowever, including
a quadratic expression for age would not appreciably change the
overall blood lead R*, nor would such a tsrr improve our
understanding of the influence of age or soil en blood lead.



3.2 The fact that our subjects lived in irregularly shaped
residential areas, at varying distances form the closed smelter, is
a strength, not a problem, in this study. Hone of cur anal/sea,
besides rhose involving distance froa the smelter, depend in any
way upon spatial location.

Soil lead is not uniformly distributed around the closed
smelter sitter. Although soil lead levels decrease with distance
from the closed smelter, there are hot spots and irregularities in
the soil lead distribution throughout the study area. The sampling
areas f zones 1—a) were used only to obtain a representative sample
of homes and children across the entire range of soil lead levels,
regardless of location. Neither distance, nor any other location
variable, enters into the Bain Multiple regression/correlation
analysis - the point of which is to use the joint diatritiutlon of
blood, soil, paint, dust, and water lead measures in the homes and
yards at ctudy participants, regardless of location, to understand
How the variables are associated with one another.

The spatial distribution of blood lead is of interest because
it can sometimes help to locate and explain clusters of high blood
lead cases. That is why we depicted the physical location of the
subjects in the study area. However, it was shown tnax distance is
associated not only with soil lead and blood lead, but with sss,
building condition, behavior, and other factors that influence
blood lead. Simultaneous spatial depiction of all of these factors
cannct be interpreted. That is the role of multiple
regression/correlation analysis. The problea with the unadjusted
bivariate taoulation presented by the reviewer in TABLE 1 of the
EPA comments is that it totally ignores confounding by these other
factors, which we have shown to fie present.

3.3 This section presents a false and ridiculous argument. The
reviewer took a meaningful linear multiple regression equation,
mistakenly attempted to exponentiate the entire equation, and
transformed it into a meaningless expression. The reviewer
obviously misunderstood both the use of logs of the environmental
and blood lead variable*, and the meaning of tne original
regression equation.

First, it should be understood that the use of log-linear
transformations made only a email difference in any of the
analyses. However, since the environmental and blood lead measures
were not normally distributed (they were skewed, with a few extreme
high values}, log transformation of the raw values resulted in more
nearly normal distributions, end some Improvement in the blood lead
variance accounted for by the environmental measures. The methods
used to analyse these continuous variables assume normal
distributions of the variables, although the methods are robust
enough to permit fairly radical departures from this assumption.



3.4 Tile Statements in this section ore also falsa, and indicate a
lack ci understanding of hierarchical regression. The reviewer
incorrectly states that R* is not a "measure of affect", when the
opposite is true.

B..., one of the moat attractive features of MRC is its
automatic provision of proportion of variance and correlation
measures of various kinds. These are measures of 'efface
siza,' of the magnitude of the phenomena being studied.*1

Coheir and Coh«sn,- in ApplJLad Multiple
degression/Correlation Analysis for the
Behavioral Science*, John Wiley & Sons,
New York, 1975. p. 5-7.).

In our regression analysis of soil lead and blood lead we
avoided including variable* that could possibly confound the
soil/blood lead relationship if including tbe other variables could
over adjust (reduce) the size of the soil lead effect. The
argunent presented by the reviewer makes the incorrect assumption
that including other variables might nave increased the soil lead
contribution. That is impossible. Every "adjustment" variable
included In the regression model ahead of soil lead would
necessarily account for some additional portion of the blood lead
variance, thereby further reducing the variance left ror soil to
account for.

The reviewers do not appear to understand that the parameter
estimate* in our report (e.g in Table 10). Parameter estimates
round at the final step in any atepwise multiple regression
procedure capitalize on chance, and are net reliable. They should
not be interpreted out of context, stepwise procedures are only on
aid in early exploration of the data, to be used along with careful
consideration of the simple correlation matrix, and to be
interpreted in the context of the earlier step* of tbe procedure,
in which other variable* enter and leave the equation.

The individual parameter estimates in any single step of a
multiple regression nodal do not adequately express the adjusted
contributions of the main study factors. In multiple regression,
there is nc substitute for set-wise hierarchical regression when
attempting to adjust for possible confounding.

3.5 Pathway analysis as proposed is a subjective exorcise that
depends upon the assumptions, of the analyst. We presented all of
the descriptive statistics, alvariate statistics, and multivariate
statistics used in our interpretation of the data. In particular,
we described the importance of paint as a major contributor to dust
lead in our study.

The point of Table 12 is aissed entirely by the reviewer of
this aection, who misinterpreted the parameter estimates for paint,
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dust, ani soil presented in tfce second model. The correct
interpretation of this analysis rests on rha increment in R* when
soil is added to Model 1.

In Model 1, wafer makes no difference, but it was one of our
aain environmental measures, and it cannot be viewed as possibly
over adjusting the paint and soil effects, so we included it.
Paint and building condition are obviously linked, as paint lead is
much nore likely to find its way into house dust, and to be
available ror ingestion, if the building is in poor condition.
Paint and building condition account for 26% of dust lead variance.
The addition of coil lead measures account for another 6* of dust
lead variance, lass than 1/4 the value of paint. Interpreting only
tha parameter estimates for, the variables in Model 2 ignores the
central meaning of the hierarchical analysis.

or otnor va*iobl«« -to •
hierarchical regression aodel can only reduce the variance
accountad for hy »oil. Tha ro viewer acema to w&uL Lu CincS some sac
of variables chat lead to a hlgfasx simultaneous parameter estimate
for coil, regardless of how little variance is explained by the
individual variables, or hov all of the other environmental
variables are ftffr-rrf** by thw C««torr. the rcviawwr vaiiL*. J-iivluded
±i\ A »ii^i« «a«*iyeis. sucn an analysis is meaningless. Behavioral
"ariabioc can crcov adjust Uk« «rr«»-U> ur Uie main environmental
variafalac, including soil, because behaviors are the pathways for
environmental lead to ree.cn the blood. It is Incorrect to think
that a bcttrsr m*i*r*tnrnHnrj of tnoco vo»iabl«e e«n
an approach.

He hav* presented and discussed nuaerous
Lilvoiving enrlronmen'CAX , behavioral, ana other

factors, in order to show the considerable intarcorrelation of
chese variables. Part of the point of that discussion was that we
did not feel that it *as possible to interpret aultivariate

if «• included all of these variable* «L once.
3.7 The consents In this auction are correct, but this is exactly
the opposite of the point of the preceding reviewer's conaent
(3.6j:

our analyst* avoided probloac of multieeliii*AtiLv by not
Uiiiu variable* rnar. nrtnirt b* paroaciaa for one another. NOnti ul"
vac lories inciuacu in th« hierarcnical reqrtsaion ncxi«»l« ve

ar» nnif«i in thia

3.3 wmia it is true that measurement error tends to reduce the
aagnltude of associations , this is equally true for all of the
variables in thia, and any cither study. This does not change the
relationship of the variable* as long as the errors in measurement
are not systematic.



we do not believe that there were systematic errors of
irpment in thic atudy. A» «t«Xw<l <*bvve, we used. a snail sat of

key predictor variables, and did not have any profiles with
aulticolinearity, or over adjustment of the soil lead effect.

4.1 We used 500 ug/g soil lead, and 10 ug/dl Blood lead to conduct
SCAB rwD-group analyflcta, in addition to conducting other
categorical and continuous datn analyses. Ttoro ware two r*«*a
for conducting categorical analyses on these continuous, data!
*H« AT3DB » •»!««*!. i.-sti Umc we present part of tSut analysis in
way? 2. T^AAr. ,.iu.L pulnts reiate to a priorf cleanup and blood lead

cat by KPA and GDC,

4.2 We agree that figures and graphs are helpful . Many more
figures and graphs could be presented. However, the docuaent is
already quite Ion?, and there Is a limit to the amount of
information thnf. r.*n h» presented in this for*. H« presentea
figures and graphs when ever we thought that doing so would clarify
a point of discussion.

4.3 The enlarged naps created by the reviewers indicates that our
atap was not as useless as stated/ although we agree that
reproduction of trie original left a lot to be desired.

4.4 confidence intervals can be estimated from the data provided,
if ic is enough* by the reader to be important. We find little
reason to believe that this is the case, since both the overall,
and specific estiaatas of blood lead variance accounted for by the
study factors is quite small in any event, and that is what really

a.i The facts speak for themselves. our language choices differ.
Thft majority of our higher blood Iaa4 valtt** *«<.« not highly
elevated (10.1-12) . These slightly elevated levels were largely in
children from relatively poor, unemployed families, living in run-
down houses. Our interpretation is consistent with reconaendations

*M«uL r.l.rtl r-«ir-nl 1

3.1 TU*. fwvlowor aoes nee undat stand that age was intentionally
not used in the regression analysis (age was not "entered as a
sonotonA predictor", as the reviewer states). TtUc ic beoauae nan
±» a yAuxy roc exposure - through- southing behavior that enables
the ingestion of dust, paint, and soil. Adjusting the contribution
of the environmental lead sources for dependence on age would
clearly result in ever adjustment, thus reducing the blood lead
variance accounted for by the environmental measures. Note that
nnly rhilri-en under- cix wove us«4 ill «h« AUAIX»««. Mhi^e mere 19
a wide range 1n the behavior or children in thin *q» group, tao
piay and mouthing befaaviocs that produce lead exposure are present
over the entire range. That is way the 6 mos. - 6 years age group
was the cocus of this analysis.



5.3 Tfie correlation of distance and blood laad was reported.
There were other important correlations with distance that ware
alsc reported (e.g. parent's education, incone, age and condition
of the houses). Mote that actual soil load measures are used in
the main regression analysis, not a proxy such as distance or
location. A ouch better indication of the association of blood
lead and soil lead is obtained by direct analysis of these two
factors than can ba gained by gerrymandering neighborhood subunits
of the saaple and speculation about clusters.

The cements here, as elsewhere in the review document,
aistaJtenly focus on univariat* and bivariate interpretation of soil
lead associations, when the report Bakes clear that the coil lead
data, are confounded.

As noted above, the sapling zones were not used in the
analysis. They were used only to draw * sample of households that
spanned the full range of soil lead levels in an otherwise fairly
homogeneous community. We directed extra effort at recruiting
households from the central saapling zone in order to be sure we
had adequate representation o£ the most highly (soil) exposed part
of the population.

5.4 The £FA has suca naps already, and can use the soil data they
collected for this study to do additional mapping or the
distribution of soil lead in the study area if tnat La
inter ear.

1 lead •*«* «reru used as a Uawla for stuay
selection. Those naps* helped us to obtain a representative
o£ rftn«dcn*i«l **il 1««U luvfil*. However. «K noted above, we us«*u
cne jcint distribution of sell lead levels measured in the
subject's yards, along with other study variable*, in ouf analyn^
zt "tĥ  yiadlcLors of oj.uod lead. Actual soil lead level, not
"rnrtial Jiiff̂ ai-iiiu" , la the basis Cut. uur analysis ana interpretation
of me association of soil laad and blood lead.
5,5 This -fivi<9w eoaaent ic clearly fa IK*, w« were v̂ r-/ ?B«c.i£ir.
1 H Af«v <u\AJ.̂ ikiai uf tho oen-eributiuu ur duKt lead to bJ.ood lead in
our report, as vail as in our analytic of the eentribucluu vf oaint
and a«n1 i u dust lead. it would have b*<ut « aistoke to include
dusc lead in the analysis of coil «nd paint lead (as reeonawnded by
the reviewer). Since dust lead is alaost entirely dependent on the
lead in Daint and soil, arulticelinoarity in the regrtasicn or an
tlix-se en viro mental variables against blood lead could only produce
a meaningless regression aedel.

5.6 The fact that ratings of overall building condition, as well
as ratings of the immediate condition of paint at the point of XRF
aeasuraaent increased the predictive value of paint measures
supports our statement about the- importance of tnis factor.



S.7 inter-individual differences in behavior were important on an
individual level. such factors ac hobbies and work related
exposures were generally experienced by only a single fanily, and
had no statistical value in the analysis. Important behavior-
mediated exposures of this type oust be considered on an individual
basis, unlike paint and soil levels, which eon be evaluated on a
statistical level.

5.3 The speculation by the reviewer nay. or nay not be correct:.
Tha argument presented by the reviewer supports our dacisien not to
include education, incone, or other similar SES and behavioral
factors ir. the main hierarchical regression nodal. It is not clear
whether including these factors would correct for confound or over
adjust the effects of the environmental measure*.

5.9 This statement oy the reviewer that our analysis cannot
establish the contribution to blood lead of the environmental
measures in our study i* rtonflon««. That is exactly what our
hierarchical analysis demonstrate*.,

6.0 He appreciate the list: of name* of individuals the EPA, feels
are qualified in this area. or. Kiabrougn has nad numerous
discussions with Or. weitzaan, one of the experts oantioned, and
waa involved in the initial stages of the design of the Urban Soil
Lead Deaonstration Project in Boston. or. Aochengrau was also
involved in that study.
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1.0 EXECUTIVE SUMMARY

The Draft Madison County Lead Exposure Study, Granite City, Illinois, (Illinois Dept. of Public
Health; Institute for Evaluating Health Risks, February, 1994) represents an evaluation of blood lead
concentrations in children who live in the vicinity of the former secondary lead smelter in Granite
City. The study investigated the relationships between environmental/socioeconomic/behavioral
factors and blood lead.

The draft report points out that blood lead concentrations in young children were not substantially
impacted, with most of the children (total of 490 6 month to 6 year old children surveyed) having
blood lead concentrations well below the USEPA level of concern (10 Mg/df). Additionally, blood
lead concentrations were dependent upon a variety of factors, with the dependence upon soil lead
apparently less significant than the dependence upon factors governing exposure to lead in house
paint (e.g., paint lead XRF concentrations, building condition). A follow-up critique of the draft
report by USEPA challenges these conclusions, and utilizes the Integrated Exposure Uptake
Biokinetic (IEUBK) Model to justify a soil cleanup goal for Granite City of 400 to 500 ppm
(Marcus, 1994).

The objectives of the current analysis are presented below together with a brief summary of our
major findings. The detailed analysis supporting these findings is provided in subsequent sections.

Objective # I: Review and comment upon die results of the Draft Madison County Lead Exposure
Study.

The blood lead distribution shown for Granite City children is typical of that
expected for urban area*. While statistical analyses of the environmental lead/blood
lead relationship are confounded by a variety of covariant parameters, soil lead is
unlikely to be a major explanation for elevation in blood lead.

Objective #2: Evaluation of the accuracy of IEUBK Model predictions for Granite City.

The default model used by EPA to derive a soil lead cleanup goal (Marcus, 1994) is
not predictive for the cases in which soil lead exceeds 500 ppm. The slope between



blood lead and soil lead (^g/df change in blood lead per 1000 ppm change in soil
lead) is overpredicted by approximately 4 fold by the default model.

Objective #3: Calibration of the IEUBK Model to better predict childhood blood lead
concentrations at Granite City.

The best performance of the model is attained by decreasing the soil/house dust lead
uptake (absorption) coefficient under conditions of high environmental
concentrations. This calibration yields model predictions of the blood lead/soil lead
slope that provide a good fit to the Granite City dataset Note that TRC did not
examine the algorithms embodied in the model and expresses no opinion as to their
applicability in general.

Objective #4: Utilize the calibrated model to evaluate soil cleanup scenarios in terms of the
possible benefits to community blood lead.

The calibrated model demonstrates that soil lead remediation to even very low
concentrations (e.g., 200 ppm) would have only a slight impact upon blood lead as
indicated by the limited effect of soil lead on indoor dust lead. Many children who
have elevated blood lead do not live in elevated soil lead areas. The blood lead/soil
lead slope factor relating blood lead to soil lead is thus shallow. Rather than focusing
upon soil lead mitigation, a combined approach involving parental education,
mitigation of strong lead sources (such as lead paint in poor condition, and grossly
elevated soil and dust lead concentrations) may be the most effective approach, if it
is decided that an intervention program of any kind is needed in this community.

Objective 5: Provide comments on the EPA critique of the Madison County draft report (Marcus,
1994).

EPA's critique focused upon a spatial relationship between blood lead and soil lead
which is confounded by a variety of covariates. In the first instance, EPA appears
to misinterpret the use of spatial correlation in the study. It was not intended as a
method for comparing areas. Rather, it was simply intended to assure that a
representative sample was obtained across the whole of the community. In any case,
white soil lead and blood lead bom decrease with increasing distance from the former
smelter, the association between soil lead and elevated blood lead is weak and not
statistically fignifir*nT Other environmental (particularly paint lead) and behavioral/
socioeconomic factors are likely stronger influmm in creating blood lead
exceedances. Further, EPA's use of the default IEUBK Model which ignores the real
data gathered at the site in contravention of the instructions stated in the user manual,
has numerous flaws and provides a Tiifltfrt'"g assessment of the potential benefits
of soil lead remediation. We believe that the cleanup scenarios presented in this
analysis provide a more realistic representation of the effects of soil lead remediation.



2.0 REVIEW OF THE DRAFT ly^ADISQN mi JNTY LEAD EXPOSURE STITHY

The draft repon represents an evaluation of the relationship between environmental lead and blood
lead levels in the community immediately surrounding the former smelter. The investigators
obtained data on lead in soil, house dust, indoor and outdoor paint, and drinking water, and related
these data to blood lead levels in 490 0 to 6 year old children. Smaller numbers of participants were
included in the 6 to IS year old and greater than IS year old age groups. Additional factors
considered for possible impact on childhood blood lead included: parental education and income
level (socioeconomic status or SES), household number of cigarettes smoked per day, proximity to
the former smelter, and age of the residence and its condition with respect to intactness of painted
surfaces. Since a suitably matched control group was not identified, the study adopted a cross-
sectional design relying upon regression analysis to test hypotheses regarding environmental lead:
blood lead relationships. The study region was divided into concentric rings spreading outward from
the former smeiter to ensure a reasonably even spatial distribution of subjects, a point misunderstood
by EPA.

The report provides important data on the blood lead distribution in the vicinity of the former
smelter. For 0 to 6 year old children, the geometric mean blood lead was 5.58 Mg/di, with 16% of
children having blood lead levels greater than 10 Mg/dl. Only 7% of blood leads were above 15 Mg/dl
in this age group. Co-linearity was found between key environmental risk factors such that soil lead,
house dust lead, indoor/outdoor paint lead, condition of residence, parental income and educational
level, and proximity to the former smelter site were correlated to one another. Therefore, the soil
lead/blood lead relationship was confounded by a large number of interrelated variables. When
hierarchical regression was used to account for key interrelated parameters (i.e., water lead, paint
lead, condition of paint), it was shown that soil lead accounted for only 3% of the blood lead
variance. In relation to other risk factors, the contribution of soil lead was considered to be quite
small. For example, comparison of blood lead results across the soil lead <500 ppm vs. >500 ppm
groups found only 1.4 Mg/dl differential. In contrast, a marked blood lead differential was found
across residences representing different levels of upkeep. Blood lead in 0 to 6 year old children
ranged from 6 Mg/dl when the residence was in good condition, to 8.2 Mg/dl for a rating of fair
condition, to 11.8 Mg/dl for poor condition. Such findings lead to the conclusion that in this
community, factors other than lead in soil have a more important impact on blood lead, in spite of
the fact that soil lead levels ranged up to 3,000 ppm. Consistent with this is the results of an
educational intervention in this community in which a marked blood lead decline was attributed to
this intervention by the study authors.

Additional support for the concept that soil lead is not a key determinant of blood lead comes from
the analyses provided below (Section 5, Figure 3) which show that the majority of blood lead
exceedances in this community are in cases where soil lead is low (less than 500 ppm).

Since the Madison County Lead Exposure Study found that 16% of the 490 blood lead
concentrations were above 10 Mg/dl, there is a suggestion of a slight increase in community lead risk.
The current USEPA criteria states that no more than 5% of children should be above 10



While these blood lead data are a potential concern, it should be noted that the population geometric
mean blood lead is not elevated (5.58 Mg/df for 0 to 6 year old children), signifying that most
children, have normal blood lead. Additionally, the Granite City results are not materially different
from what is found at urban areas where there is no former or current lead smelter. For example,
the NHANES in dataset as compiled by Brody, et al. (1994), indicates that 16.4% of childhood (1
to 5 years old) blood lead values exceed 10 Mg/dl in urban areas of less than one million in
population. This correspondence with Granite City blood lead results is striking and suggests that
if a problem does exist at Granite City, it is best attributed to the same types of lead source that are
typical of the urban environment (e.g., old housing containing dilapidated lead paint; historic lead
fallout from fuel combustion). It should be noted that in the Granite City dataset, race had very little
impact on blood lead, with the mean for white and non-white children not being statistically
different. This contrasts with the NHANES in dataset where urban non-whites had substantially
higher blood lead than did urban whites. It is possible that this indicates similar SES status for
Granite City whites and non-whites since at Granite City, SES was a key determinant of blood lead.

3.0 ACCURACY OF THE DEFAULT IEUBK MODEL FOR PREDICTING GRANITE CITY
BLOOD LEAD CONCENTRATIONS

Version 0.99d of the IEUBK Model was used with default parameter values (except for soil, dust
and water lead where actual values were used) to provide predictions of childhood (0 thru 6 yean
old) blood lead levels. The model was run in the batch mode such that each record in the dataset
could be put through the model and contribute individually to the overall statistics. Table 1
compares predicted and actual blood leads for the entire dataset encompassing 490 young children,
and for subdivisions of the dataset based upon soil lead cutpoints. The model provided a reasonable
fit to actual blood lead data for the entire dataset, both in terms of geometric mean blood lead and
% greater than 10 Mg/dl (see top line: Total Population). However, the model overpredicted blood
lead concentrations by nearly 2 fold in the soil lead subgroup that was greater than 1000 ppm (7.1
actual; 13.7 predicted). Additionally, the percentage of children with blood lead above 10 Mg/di was
overestimated by a large factor in this subgroup. A similar situation occurred in the 501 to 1000 soil
lead subgroup, although the model overprediction was not as large (37%). In the lower soil lead
groupings (0 to 250 ppm, and 251 to 500 ppm), the model-predicted blood lead was reasonably close
to that actually observed, although in the lowest subgrouping, the model underpredicted by 27%.

Table 1 points out a major problem with default runs of the IEUBK Model for Granite City. The
model predicts a soil lead/blood lead slope of 7.48, winch is far above that actually seen (1.70). This
overprediction of me slope leads to the false conclusion that blood lead is very sensitive to changes
in soil lead such that if soil lead were remediated, blood lead levels should fall dramatically. The
Urban Soil Lead Abatement Project (Baltimore, Cincinnati, Boston) indicated mat very little benefit
could be found after remediation of soil lead (e.g., Wehzman, 1993), which supports the concept of
a low soil lead/blood lead slope. Other investigators have found similarly shallow soil lead/blood
lead slopes (Starke, 1982; Yankel, 1977; Galke, 1975; Bataop, 1975; Bomschein, 1990; Rabinowitz,
1988). Therefore, when modeling the benefit to be expected from soil lead remediation, it is critical



that the IEUBK Model be properly calibrated Otherwise, the blood lead response to a change in soil
lead will typically be overstated.

Note that TRC did not examine the algorithms embodied in the model and expresses no opinion as
to their applicability in general.

4.0 CALIBRATION OF THE TETTBK MODEL FOR GRANITE CITY

The trend in Table 1 is that at low soil and dust lead concentrations (i.e., below 500 ppm), the model
provides a good estimation of childhood blood lead. However, with increasing soil/dust lead
concentration above 500 ppm, the model becomes increasingly overpredictive, such that for a
significant percentage of young children at Granite City (29%), the default version of the model is
inappropriate. The factors) which create serious model overprediction beginning at 500 ppm are
not well defined, but it is clear that the model needs to be adjusted downward (i.e.. less lead exposure
and accumulation in blood) at the higher values for soil and dust lead. The most likely explanation
for the overprediction may be decreased absorption of lead from soil and dust at higher lead
loadings. This concept is consistent with a variety of literature sources (e.g., Sherlock, 1986;
Bushnell, 1983) and is more plausible than other potential explanations (children contact less soil
or house dust if it contains high lead; shift in lead internal distribution away from blood at higher
intake).

On this basis, the model was fitted to the actual blood lead data by adjusting the model default
soil/dust lead absorption coefficient (30% - total of saturable and non-saturable) to values that
provide the best prediction of blood lead. The model was iterated using different absorption
coefficients until a good fit was achieved for each soil lead subgrouping. Table 2 shows the back-
fitted absorption coefficients that provide the best fit for several soil lead subgroupings. While the
model default value of 30% soil absorption is appropriate for the 251-500 ppm group, lower
absorption coefficients are required for fitting the model to actual data in higher soil lead groupings.
The relationship between absorption coefficient and the composite soil/dust lead concentration
approximates a straight line with a negative slope (lower absorption coefficient at higher soil leads)
between 393 and 1213 ppm having a negative slope (Figure 1). This relationship can be used to
approximate the lead absorption coefficient for any values of soil and dust lead in this community.

As shown in the next section, the calibrated model provided blood lead/soil lead slopes for cleanup
scenarios that are reasonable estimates for that actually found at Granite City.

5.0 SOIL LEAD CLEANUP SCENARIOS

Table 3 utilizes the calibrated model to predict the blood lead benefit from remediating soil lead to
lCKX),500,or200pDmmthiscomnutnity. All cleanup scenarios were run with actual batch file data
for each household. Interior dust lead was adjusted to account for the remediation of soil lead by
decreasing the dust lead by 0.7 times the decrement in soil lead. This approach is based upon
USEPA's conservative assumption that 70% of the soil lead concentration is transferred to the indoor



environment to create house dust lead (USEPA, 1994). Our approach allows for house dust
concentrations to exceed soil lead concentrations as is often the case at Granite City. The likely
explanation for this differential is that interior lead sources (i.e., flaking interior paint) are a key ,.,
source of dust lead. Thus, when soil lead is abated and nothing is done about interior lead paint
sources, the house dust lead concentration will change by only that fraction contributed by soil lead.
By adjusting dust lead by 0.7 times the decrease in soil lead, we are being faithful to the USEPA
default for soil lead contribution to house dust while not ignoring other factors which contribute to
house dust.

The data in Table 3 show the calibrated Model predictions of the benefit which could be expected
from different soil lead cleanup targets (1000 ppm, 500 ppm, or 200 ppm). These data shown
represent only the households which would be remediated, and do not take into account the overall
impact on the community. This overall impact is presented in Table 4.

Table 3 indicates a modest decline in blood lead when soil leads are reduced to the indicated cleanup
targets. The benefit of soil remediation is predicted to be greater above 1000 ppm (1.3 yg/di drop
in geometric mean blood lead and 4 fold drop in percent of children with elevated blood lead) than
below 1000 ppm. partially because the change in soil and house dust is larger at the higher starting
concentrations. Additionally, as soil/house dust concentrations are lowered, the absorption
coefficient is expected to increase thus decreasing the net effect on lead uptake. Thus, the table
shows that diminishing returns are achieved by driving soil lead concentrations below 1000 ppm.
It is important to note that even when soil lead is rfmfditty* to 200 ppm, the model predicts that the
percentage of children with blood lead exceedances (i.e., >10 Mg/dl) would still be high in the
subgroup of houses that were remediated (13% above 10 Mg/dl in the 361 homes remediated to 200
ppm).

Table 4 indicates the blood lead benefit to be expected from the same three soil cleanup scenarios
described in Table 3, but now data for remediated homes has been merged with the non-remediated
homes (those below the remediation cutpoint) to determine the influence of remediation on the
overall population (N-490 cases)blood lead. The influence of soil lead remediation on the overall
population geometric mean is predicted to be miniscule, which is consistent with the tact that these
cleanups would accomplish very minor reductions in population geometric mean soil and dust leads.
Since the vast majority of households have soil and dust concentrations below 500 ppm, remediation
of relatively few households at the top of the distribution shifts the overall exposure concentration
little. Most importantly, soil remediation to concentration as low as 200 ppm is modeled to produce
only a small effect on the percentage of children with a blood lead in excess of 10 Mg/dl.

It should be noted that these model simulations of cleanup scenarios yield a blood lead/soil lead
slope ranging from 1.7 (Table 3) to 3.1 (Table 4). This is similar to the slope found in the current
Granite City database (approximately 1.7) (Table 1). This demonstrates that the calibrated model
is responsive to the actual blood lead/soil lead relationship and is likely to provide a good simulation
of cleanup efficiency.



Figure 2 provides a frequency distribution of blood lead concentrations for the entire dataset of 490
cases. The observed line presents the data reported in the Madison County Lead Exposure Study.
The predicted line for the 500 ppm (Pre500) cleanup scenario indicates a slight shift towards more
children with blood lead values below 5 ng/dl, but with very little impact above 10 Mg/dl. The 200
ppm remediation scenario (Pre200) indicates a larger shift, but with still a considerable number of
children over 10 ug/dl.

The finding that soil lead remediation would have little beneficial effect on the community-wide
rate of elevated blood lead reflects the fact that many children have elevated blood lead in spite of
being surrounded by relatively low soil lead (below 500 ppm) (Figure 3). Remediation to 500 ppm
will not affect these children, and it is uaiikely that even lower soil remediation standards would be
effective. For example, soil remediation will have little impact at homes whose house dust
concentration clearly exceeds the soil lead concentration. Interior sources (e.g., paint lead) likely
outweigh soil lead in such cases. The database contains 120 cases where house dust lead exceeds
soil lead by 200 ppm or more, with 83 of these cases having at least a 500 ppm differential. Blood
lead exceedances are a common occurrence in these cases (23%), and these cases will not be
materially improved by soil lead remediation. Thus, based upon the blood lead exceedances
distribution shown in Figure 3 and runs of the calibrated IEUBK Model (Tables 3 and 4), it is
evident that soil lead remediation would be generally ineffectual in this community. A combined
approach involving parental education, mitigation of strong lead sources (lead paint in poor
condition; grossly elevated soil and dust lead concentrations) may be the most effective approach
if it is decided that an intervention program is needed in this community.

6.0 EVALUATION OF EPA COMMENTS (MARCUS. 19W> ON THE MADISON COUNTY
LEAD EXPOSURE STUDY

Mitigation of lead exposures is • worthwhile public health endeavor when properly directed
towards high risk individuals or groups, and at the major causative factors contributing to blood lead
(CDC, 1985). As pointed out above, the community as a whole does not appear to represent a high
risk group for which lead mitigation would be especially required. The Madison County Lead
Exposure Study and EPA's analysis suggest that subgroupings of mis population may be at elevated
risk ina manner which correlates with distance from the former smelter. The Madison County Lead
Exposure Study points out the numerous confounding factors which affect the relationship between
distance from the smelter and blood lead (e.g., year residence built, building condition, household
income and education level, home ownership, soil lead). For each of these factors, residents were
at greater risk (e.g., poorer building condition, lower family income and education, higher soil lead)
as distance to the former smelter decreased. EPA attempts to show the relative importance of
various lead sources to blood lead via correlational analyses involving spatial considerations
(distance from smelter). Additionally, EPA provides a preliminary assessment of soil remediation
options via the IEUBK modefc*4itwever, EPA's assessment does not clearly differentiate between
lead sources and provides no indication of their quantitative importance (e.g., soil lead/blood lead
slope). Additionally, EPA's use Of the IEUBK Model is flawed by arbitrarily assigning a default
value for house dust when actual, site-specific house dust data are available. Further, the IEUBK



Model performs poorly for a large percentage of cases when model defaults (as used by EPA) are
incorporated.

6.1 Assessment of Distance Rings

EPA suggests that soil lead is a more important contributor to blood lead than is paint lead based
upon a distance ring subgrouping of the database. The Madison County Lead Exposure Study
provided a parameter describing distance of each household from the former smelter. EPA
correlated distance from the smelter with a variety of parameters which might impact blood lead to
determine which factors seem most consistently associated with blood lead. Since paint lead
concentrations don't vary with distance white soil lead, dust lead, and blood lead concentrations are
correlated with distance, EPA suggests that soil lead rather than paint lead is the key contributor to
dust and blood lead.

This correlational analysis, which focuses upon distance from the former smelter, is confounded by
a variety of factors. The Madison County Lead Exposure Study demonstrates that such factors as
year residence buiiu building condition, household income and education level, and home ownership
confound the relationship between soil lead and blood lead as judged by distance. In fact, several
of these factors would suggest that paint lead could become a stronger source of lead closer to the
former smelter, in spite of the tact that paint lead levels are not actually correlated with distance.
The fact that building condition worsens with proximity to the smelter suggests that paint lead
would be more available to young children in homes nearer to the former smelter. Socioeconomic
factors which affect children's exposure to lead paint sources (parental income, parental education,
number of children per household) are all adversely affected with increasing proximity to the former
smelter. Thus, the degree of parental supervision and awareness needed to prevent children's
interaction with paint lead sources (e.g., gnawing on painted surfaces) appears to decline near the
smelter. This concept is supported by the finding that children's mouthing of non-food objects
increases in homes located near the smelter. These factors indicate that although paint lead levels
are not correlated with distance, the degree of lead uptake from paint sources would still be expected
to increase with increasing proximity to the former smelter. The likelihood that paint lead is
substantially contributing to the blood lead vs. distance correlation is not recognized by EPA.

TRC examined the database subdivided by distance rings, to determine the strength of the
association between soil lead and blood lead exceedances. If soil lead is an important causative
factor in elevating children's blood lead above 10 Mg/dl, one would expect that the frequency of
blood lead exceedances at various distance rings would parallel the soil lead distribution across these
rings. However, Figure 4 shows mat mis is not the case. This figure represents the data for distance
rings 1 thru 9; distance ring 10 is not included because of the low number of cases (N-3), and
distance rings 1 and 2 are combined because the number of cases in each group are relatively small
(9 and 13, respectively), and because the soil and dust lead concentrations in these groups were
nearly equal. It is clear from the figure that soil lead is not a major factor in elevating children's
blood lead within these rings since only small changes in percent blood lead exceedances are seen
(27% exceedance falls to 19%) over a soil lead range of 1000 ppm. In feet, regression of percent



blood lead exceedances in rings against the corresponding soil lead levels is not significant (p=. 118;
Figure 5).

In total, analysis of the dataset according to distance rings indicates a general tendency for soil lead
and blood lead to decrease with increasing distance from the former smelter. However, the
association between soil lead and the incidence of children with elevated blood lead is weak and not
statistically significant. Other environmental (e.g., paint lead) and behavioral/socioeconomic factors
ire likely stronger influences in creating blood lead exceedances.

6.2 Critique of Soil T egj Remediation Goals Developed with the Default IEUBK Model

The EPA analysis concluded by back-calculating soil remediation goals based upon the default
IEUBK Model. The major assumptions present in this exercise are analyzed below:

• House dust lead concentrations are 70% of soil le&4 concentrations, regardless of the, 9CtUaJ
house dust lead concentrations found in Granite City. EPA assumes that a soil lead-to-dust
coefficient of 0.7 is appropriate because it obtained reasonable IEUBK batch mode
predictions for Granite City children with this assumption. This validation exercise is flawed
because it ignores the actual Granite City house dust lead data, and instead uses an incorrect
default assumption. In fact when the default model is run with the actual house dust lead
concentrations, we find that in many cases (i.e., those over SOO ppm) it overpredicts blood
lead concentrations (Table 1). By applying model defaults for house dust that are lower than
the actual house dust data, EPA produces a reasonable fit, but one that has no basis in reality
or scientific principles.

The assumption that the Granite City environmental lead data can be described simplistically
as house dust lead being 70% of soil lead is a significant error. (Note: The model's default
contribution for airborne lead-to-house dust is insignificant). As the enclosed Table 1 shows,
soil lead and house dust geometric means are overall, very similar. Thus, there is no basis
to assume that dust lead is only 70% of soil lead. In fact, in numerous individual cases, dust
lead levels far exceed the corresponding soil lead levels. Thus, while soil lead may influence
bxjuse dust lead, other interior Sources (e.g. lead paint) also play a fundamental role in driving
dust lead. The model's remediation back-calculation option used by EPA does not allow the
input of batch data files. Thus, household-specific data are lost in this exercise and an overly
simplistic and incorrect model specification (house dust lead is 70% of soil lead with no
significant interior sources) is introduced. This creates overestimates of the effectiveness of
soil lead remediation because it ignores interior lead sources which are not affected by soil
lead remediation. In other words, the assumption is that soil lead is fully responsible for
house dust lead such that a 50% reduction in soil lead would yield essentially a 50%
reduction in house dust lead. Obviously, if paint lead is the major contributor to house dust
lead in particular homes, sottlead cleanup would have little impact on house dust or blood
lead concentrations. Given the magnitude of the lead paint problem in Granite City and the
number of cases in which house dust lead exceeds soil lead, the benefit of soil lead



remediation is substantially overpredicted by EPA's default back-calculation approach. This
approach overlooks the well-known impact of paint lead on house dust lead. For example,
Clark « al. ( 1 985), have shown that housing stocks unlikely to contain lead paint can have
low soil lead concentrations (average of 350 ppm found). However, in older homes, dust
lead concentrations averaged 1,410 ppm and were two-fold higher if the home's condition
was dilapidated. The USEPA Lead Criteria Document ( 1 986) states that lead paint can be
expected to substantially elevate dust lead from baseline levels.

We utilized a site-specific, non-default approach to estimate the benefit of soil lead
remediation (Section 5.0). In this approach, the data from each household was run through
IEUBK Model (batch mode) cleanup scenarios. It was conservatively assumed that 70% of
the soil lead concentration is contributed to house dust lead, and that there are other interior
sources that provide the remainder of the actual house dust lead measured. In our approach,
soil lead remediation was modeled to remove that fraction of house dust lead that it is
theoretically responsible for, while leaving in place that contributed by other sources (e.g.,
lead paint). This modeling approach is consistent with the IEUBK Model Guidance
(USEPA, 1994; see pages 2-40 and 2-41), in which house dust lead is shown to consist not
only of lead from soil, but also of lead from airborne deposition and from other unidentified
interior (e.g., lead paint) and exterior (e.g., parental occupation) sources (the B0 term in the
house dust lead equation on page 2-41).

It should be noted that if one were to properly simulate house dust lead concentrations, the
model offers a Multiple Source Analysis in which interior lead sources can be factored in.
By using the default in this case (no interior sources), EPA misses an opportunity to render
its use of the model more realistic. However, the best approach is still to run remediation
scenarios in the batch file mode in which the actual house dust lead concentrations can be
adjusted downward based upon the anticipated benefit from soil remediation. This is the
approach we took in Section 5.0.

• T ftari hioavailahility from soil does not reflect the non-linearities observed at Granite Citv.
The IEUBK Model assumes that the V4 saturation point for soil lead absorption is 100 ̂ g lead
ingestion/day. In other words, it would require a lead loading of 200 Mg/day to begin to see
a curvilinear (saturation) lead uptake response. With current model defaults, this level of
lead loading would require a soil/house dust concentration of approximately 2,000 ppm. As
discussed in Section 4.0, non-linearities which may involve satunble uptake occur at much
lower concentrations. Therefore, the default version of the model is insensitive to the non-
linearities seen at Granite City, and it must be modified if it is to be predictive of the benefits
of soil lead remediation. The modifications described in Section 4.0 address these non-
linearities. while the default approach used by EPA does not

A soil lead/blood lead slope of 7 to 8 ug/d* hlood lead change oer 1 OOP mm Mil lead
chanye. The model default creates this large slope by underestimating the non-linearities in
the lead absorption profile, and by ignoring other factors which continue to add to blood lead
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(e.g., paint lead, other lead sources) even when the soil lead concentration has been reduced.
Thus, the benefit of soil lead remediation is grossly overpredicted by the default version of
the model.

Our model runs, calibrated for the Granite City dataset using actual environmental data,
provide a much more realistic soil lead/blood lead slope. The analysis provided by EPA is
not site-specific and uses assumptions which overemphasize the influence of soil lead on
blood lead. EPA's use of a default model that overpredicts the soil lead/blood lead slope by
4-fold (Table 1) indicates that the default model does not apply to Granite City. Our use of
each household's data in validation runs and soil lead remediation scenarios provides a major
advance over the default approach used by EPA.
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NL INDUSTRIES/TARACORP SITE
COMMENTS TO PROPOSED PLAN

January 12, 1995

I. INTRODUCTION
In March 1990, the United States Environmental Protection Agency (USEPA) issued a Record
of Decision (ROD) for the NL Industries/TaraCorp Superfund Site ("the Site") in Granite City,
Illinois, in which the USEPA required a residential soil cleanup level for lead of 500 parts per
million (ppm). Prior to issuing the final ROD, the USEPA accepted public comments. NL
Industries, a PRP at the Site, provided such comments, which were incorporated into the
Responsiveness Summary for the final ROD1. In October 1994, the USEPA issued a Proposed
Plan that described the site background, site risks, and the residential soil cleanup level. The
Proposed Plan noted that the USEPA is considering an amendment to the 1990 ROD and also
invited public comments to be considered prior to choosing the final residential soil lead cleanup
level for the Site.

As part of the process of determining a final residential soil lead cleanup level for the Site, the
NL Industries/TaraCorp PRP Group ("the Group") is providing comments. The Group has
retained McLaren/Hart Environmental Engineering Corporation (McLaren/Hart) to provide
various technical comments on their behalf. The Group expects that these written comments will
be considered as USEPA reviews and evaluates the residential soil cleanup level for lead and
will be included in the Administrative Record.

On behalf of the Group, McLaren/Hart has conducted the activities described below.
• Reviewed the additional documents introduced into the Site's Administrative Record by

the USEPA in support of the 500 ppm residential soil cleanup level for lead. (Attached
as Exhibit A),

1 Since the time of the ROD. the USEPA has issued two Explanation* of Significant Differences (ESDs) for the ROD
(May 1993 and January 1994). Both ESD* were issued to allow the disposal of excavated materials off-site rather than
consolidating them with the TaraCorp pile, substantially increasing remedial costs.
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Provided expert review (Attached as Exhibit B) and solicited expert review (provided
separately as part of the Group's submittal of comments to the Proposed Plan) of the
following documents:

"Madison County Lead Exposure Study, Granite City, Illinois," by R.
Kimbrough, M. LeVois, and D. Webb (Illinois Department of Public Health);

"Comments on Madison County Lead Exposure Study, Granite City, Illinois," by
A.H. Marcus, K. Hogan, P. White, and P. Van Lecuwen (USEPA);

"Response to Comments of the U.S.EPA Reviewers Regarding the Granite City
Lead Study Draft Report," by M. LeVois (Illinois Department of Public Health);
and

"Preliminary Assessment of Data from the Madison County Lead Study and
Implications for Remediation of Lead-Contaminated Soil," by A.H. Marcus
(USEPA),

Reviewed the site-specific data and cleanup levels for other Superfund sites with lead
contamination,

Reviewed the transcript of the public meeting held on October 26, 1994 regarding the
Site, and

Reviewed the document entitled, "The Granite City Lead Exposure Dataset: IEUBK
Modeling and Evaluation of Soil Lead as a Risk Factor" by G.L. Ginsberg, Ph.D. and
G.F. Hoffnagle, CCM (TRC Environmental Corporation, January 1995).

Based on review of the above-referenced technical information regarding the development of soil
lead cleanup levels and abatement of lead exposure, including documents relied upon by USEPA
in the development of the Site residential soil cleanup level, McLaren/Hart has concluded that
the USEPA cannot justify the selection of 500 ppm as the Site residential soil lead cleanup level
and that, in fact, based on the data in hand, a cleanup level of 1,000 ppm is equally as protective
of human health and the environment.

Specific comments related to the USEPA's selection of 500 ppm as the Site residential soil lead
cleanup level are subsequently presented. The format for these comments is to provide a series
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of major are-^s of concern with respect to the USEPA's development of the residential soil
cleanup level. Within each area of concern, there is a discussion describing the basis for the
concern.
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II. COMMENTS ON THE PROPOSED PLAN
1. In developing the residential soil lead cleanup level for the NL Industries/TaraCorp

Site, the USEPA did not fully take into account the potential for sources of lead
other than soil to impact blood lead levels. Further, the USEPA did not fully
evaluate the potential that remediation of soils to the USEPA-selected residential soil
lead cleanup level would not result in significantly decreased blood lead levels.

» The presence of various sources of lead exposure was not adequately considered in the
evaluation of alternative risk management options for the Site. However, as USEPA has
noted in their document entitled "Revised Interim Soil Lead Guidance for CERCLA Sites
and RCRA Corrective Action Facilities" ("Interim Guidance," USEPA 1994b), estimating
blood lead levels that might result from exposures at a site depends on appropriately
integrating exposures from all relevant media.

» In the Interim Guidance, the USEPA notes that findings from the Urban Soil Lead
Abatement Demonstration Project (USEPA 1993a, 1993b, 1993c, 1993d) indicate that
any strategy to reduce the overall lead risk at a site needs to consider not only soil, but
dust and paint as major contributors to elevated blood lead levels in children.

» The contribution of lead-based paint from the interior and exterior of homes has not been
. adequately considered in determining the most appropriate remedial response action for
Granite City, although this approach is recommended by USEPA in their Interim
Guidance (USEPA 1994b). In this guidance, the USEPA notes that the remedy for soil
could be contingent upon completion of interior/exterior lead-based paint abatement
effort.

> In the Interim Guidance, the USEPA notes that addressing exposure from other sources
of lead may reduce risk to a greater extent and be more cost-effective than directly
remediating soil. The USEPA further notes that, "In some cases, cleaning up the soil
to low levels may, by itself, provide limited risk reduction because other significant lead
sources are present (e.g., contaminated drinking water or lead-based paint in residential
housing." Therefore, it is possible that applying a residential soil lead cleanup level of
500 ppm in the absence of addressing other lead sources will not achieve the desired
reduction in blood lead levels, and remediating to 1,000 ppm would result in similar
reductions in blood lead levels.

» The effectiveness of institutional controls and the development and promotion of public
education and awareness programs that focus on the causes and prevention of lead
poisoning in children needs to be more fully evaluated for Granite City. In the Interim
Guidance, the USEPA notes that, after developing a preliminary remediation goal using
the IEUBK model, and considering other factors such as costs of remedial options,
reliability of institutional controls, technical feasibility, and/or community acceptance,
still higher cleanup levels may be selected. In the Interim Guidance, the USEPA further
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identifies that the development and promotion of public education and awareness
programs focusing on the causes and prevention of lead poisoning in children, be
considered in conjunction with active measures to reduce blood lead levels.

» Field studies have indicated that significant reduction (to less than 1,000 ppm) of lead in
soil accessible to children would not result in a significant decrease in blood lead levels.
Specifically, in the USEPA's Urban Soil Lead Abatement Demonstration Project in
Baltimore, Maryland, the USEPA found that for every 1,000 ppm reduction of lead in
soil, blood lead levels in children were reduced by only 1.0 microgram per deciliter
(/ig/dl). The results of this project lead USEPA to conclude that "Statistical analysis
from the Baltimore Lead in Soil Project provides no evidence that the soil [lead]
abatement has a direct impact on the blood lead level of children in the study." The
USEPA further concluded that "in the presence of lead based paint in the children's
homes, abatement of soil lead alone provides no direct impact on the blood lead levels
of children." (USEPA 1993b).

2. The USEPA's actions at the Site, including the selection of the residential soil lead
cleanup level and the use of the IEUBK model in its selection, were inconsistent with
USEPA's own most recent guidance for soil lead cleanup levels and for the
application of the model.

> It appears that site-specific data was not fully utilized by USEPA as an input into the
IEUBK model to calculate a preliminary remediation goal (PRG) for the Site, although
in its Interim Guidance, the USEPA states that in applying the IEUBK model for the
development of a PRG, appropriate site-specific data on model input parameters,
including background exposures to lead, be identified. If site-specific data was utilized,
it is not clear as to the extent to which it has been utilized, and the site-specific data has
not been included in the public record.

» USEPA's guidance manual for the use of the IEUBK model ("the IEUBK Guidance
Manual," USEPA I994c) states that if a blood lead study is to be evaluated in the risk
assessment process, it is important that all of the sources of lead exposure at the Site be
characterized and quantified. However, it appears that the USEPA only considered lead
exposure via soil lead and resultant house dust. During the October 26, 1994 public
meeting, Ms. Van Leeuwen, USEPA's representative, stated that lead paint was not
considered in their modeling, only "environmental sources" (page 27 of the public
meeting transcript, USEPA 19^4d). However, as previously discussed, lead paint has
been documented to be a significant source of blood lead, and the relative contribution
of all sources of lead should have been evaluated.
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» USEPA's Suggested Decision Logic for Residential Scenarios for CERCLA and RCRA
Corrective Actions ("the decision logic," Appendix A-l to the Interim Guidance) includes
running the IEUBK model with site-specific data. If blood lead data are available, the
evaluator is directed to compare that data to model results. A comparison of the model
outputs to blood lead data was presented by the USEPA at the October 26, 1994 public
meeting.

Prior to running the model, the decision logic suggests that appropriate samples be
collected, including soil, dust, paint, water, and air. While the condition of paint in
residences was surveyed during the Pre-Design Field Investigation (conducted by
Woodward-Clyde on behalf of the USEPA), no samples were collected. Any additional
sampling and analyses which may have taken place has not been included in the public
record.

In the decision logic, USEPA further recommends that, where risks are significant, based
on the output of running the IEUBK model, remedial options should be evaluated,
including consideration of the relative risks of indoor and outdoor paint and dust.

Finally, if the IEUBK model predicts elevated blood levels (under the existing
conditions), the decision logic suggests that the model should then be re-run considering
the implementation of abatement alternatives. In running the IEUBK model, however,
USEPA did not consider any abatement measures other than the remediation of soils with
lead above 500 ppm.

•> The data presented by USEPA at the public meeting of October 26,1994 included Figure
18 of the "Preliminary Assessment of Data from the Madison County Lead Study and
Implications for Remediation of Lead-Contaminated Soil" by Allan Marcus (Marcus
1994b). Ms. Van Leeuwen discussed this figure and indicated during the public meeting
that, "We think the model works pretty well. Especially at this site, it seems to have
worked pretty well" (page 19 of the public meeting transcript, USEPA 1994d). When
asked about the inclusion of lead paint contribution, she answered, "We only looked at
the lead burden based on environmental exposures, not paint. Realizing that if paint was
included, that those values would be higher" (page 27 of the public meeting transcript,
USEPA 1994d) This evaluation of Figure 18 and explanation of not considering the
contribution of paint are inconsistent. Because it is known that paint at many of the
homes in Granite City contains high levels of lead. If paint were to be included, the
good correlation between predicted and actual blood lead frequencies would not be
demonstrated. In other words, including paint would significantly shift this predicted
curve to the right, thus indicating the model is not valid for this Site when all exposures
are accounted for. It was very misleading for the USEPA to claim this modeling
approach worked well when all routes of exposure known to exist at the Site were not
allowed to contribute to the predicted blood lead values.
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» At the Bunker Hill Mining and Metallurgical Complex Superfund Site in Idaho (including
the cities of Kellogg, Smelterville, Wardner, Pinehurst, and Page), also a smelter site
(this was also a mining site), the USEPA selected a residential soil cleanup level of 1,000
ppm for lead. As indicated by Ms. Van Leeuwen during the public meeting, the
effectiveness of soil removal to this cleanup level was demonstrated at the Kellogg Site
(assumed to be the Bunker Hill Superfund Site, although not stated explicitly by Ms. Van
Leeuwen), where children's blood lead levels dropped 8 pg/dl following soil removal.
Given the effectiveness of soil remediation to 1,000 ppm lead at the Bunker Hill Site, it
is possible that a residential soil lead cleanup level of 1,000 ppm would be equally as
protective of human health and the environment at the NL Industries/TaraCorp Site.

3. Even if the model is used for evaluation of a residential soil cleanup level, USEPA's
application of the model for this purpose is flawed.

» As discussed above, in both their Interim Guidance and in the IEUBK Guidance Manual,
the USEPA recommends the use of site-specific data as inputs to the model. Although
USEPA's representative stated during the public meeting that site-specific data for water,
soil, and dust were utilized, the data utilized has not been included in the public record.

> During the public meeting of October 26, 1994, the USEPA representative was
questioned by Mr. Tarpoff (p.25 of the public meeting transcript, USEPA 1994d) as to
whether the model evaluated grass coverage or only bare soil as an input to the amount
of soil ingested. The USEPA representative responded that the model used a set
ingestion rate for each year of life from zero to seven. This approach is not consistent
with the guidance set forth in die IEUBK Guidance Manual.

USEPA's IEUBK Guidance Manual includes a section entitled "Are There Interrupted
or Enhanced Exposure Pathways at the Site?" (Section 4.4.8.2). In that section, the
USEPA cautions the model user against equating contaminant concentration with
exposure or risk, where the risk assessor assumes potential exposure is actual exposure.
The manual notes that if an exposure pathway is diminished or enhanced, the resulting
exposure will also be diminished or enhanced. The manual provides the example that,
at the same concentration of lead in soil, exposure to bare soil may be greater than if the
soil has a good vegetation cover. Thus, in response to the Mr. Tarpoff s point above,
the USEPA IEUBK Guidance Manual recognizes the variations in exposure (even
specifically exposure to soil with varying degrees of vegetation) as a factor to be
evaluated. However, during the public meeting, the USEPA representative implied that
this factor was not taken into consideration in USEPA's modeling (page 25 of the public
meeting transcript, USEPA 1994d). Had the USEPA considered the relative degree of
vegetation cover, the blood lead levels predicted by the model would likely have been
lower.
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» As noitxi in Comment 2 above, the comparison of predicted and actual data in Figure 18
from the work of Allan Marcus (Marcus 1994b) indicates that the IEUBK model is not
valid if all contributions to blood lead known at the site are considered.

f Ginsberg and Hoffnagle (199S) also demonstrated the shortcomings of the USEPA
modeling approach They ran the IEUBK default model and predicted geometric mean
blood lead concentrations and percent of children with blood lead levels exceeding 10
Mg/dl for the total Granite City population sampled and those with soil leads either above
1,000 ppm, SOI to 1,000 ppm, 251 to 500 ppm, or 0 to 250 ppm. The predictions were
compared directly to the actual measured blood lead levels. The model provided
reasonable results for the entire population, but overpredicted blood lead concentration
and percent exceeding 10 jig/dl for the population with soil lead above 1,000 ppm and,
to a lesser extent overpredicted the results for the 500 to 1,000 ppm group. The 251 to
500 ppm group was well predicted. The default model predicted a soil lead/blood lead
slope of 7.48, which far exceeds the slope actually observed (1.70). These results
indicate that the use of the default IEUBK model will lead to the false conclusion that
blood lead levels are very sensitive to soil lead levels (which the actual data do not
indicate). This further adds to the concern that the default model approach used by
USEPA was flawed.

4. If the DEUBK model is run utilizing site-specific parameters in evaluation of post-
abatement conditions using ranges of soil lead cleanup levels, the results predict that
addressing soil alone will not result in the USEPA's objective of less than 5 percent
of children exceeding 10 pg/dl blood lead.

» As stated in the Interim Guidance, the use of the IEUBK model is intended to allow
USEPA to obtain valid and reliable predictions of lead exposure. However, data
obtained as part of the design and implementation of the remedy selected by USEPA does
not support the 500 ppm soil lead cleanup level. Utilizing site-specific data and a
calibrated version of the IEUBK model, Ginsberg and Hoffnagle (1995) predicted that
remediating soil even to very low levels (200 ppm) in the absence of other lead
abatement efforts (e.g., for lead paint) will not have a significant impact on blood lead
levels. They found very little benefit going from 1,000 ppm to 200 ppm when
comparing blood lead predictions and the percent of children with blood lead levels
exceeding 10 pg/dl.

5. The technical documents placed in the Administrative Record do not support the 500
ppm cleanup level for lead in soils as a mechanism for mitigating potential health
risks associated with the She. However, several of the documents do support the
need to evaluate and abate sources of lead in addition to soil to reduce blood lead
levels.
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A review of the documents placed into the Administrative Record for the NL
Industries/TaraCorp Site suggests that the majority of these references falls into one of three
general categories: toxicological issues surrounding lead, statistical and modeling techniques for
analysis of lead data, and issues surrounding lead-containing soils. McLaren/Hart has completed
a review of these documents on behalf of the Group. The results of this review are detailed in
a separate document entitled, "Review of Public Record Documents for the NL
Industries/TaraCorp Site." McLaren/Hart's review is provided as Exhibit A to this document,
and the results of the review are summarized briefly below.

> The technical documents reviewed that primarily addressed toxicological issues (i.e.
health effects, biomarkers, metabolism/pharmokinetics of lead) indicated the following:

only a small percentage of this category of documents individually evaluated lead
in soils as a source;

the effects of lead toxicity reported were primarily neurological, the source of
lead was principally unspecified or of a multi-media source (paint, soil, dust air,
diet);

when identifying the specific source of lead exposure in infants, children and
adults, the documents reviewed cited leaded gasoline, lead-based paint and food
as primary sources of lead intake and lead toxicity;

the bioavailability of lead in soil was reported to be lower than the bioavailability
of lead from dietary lead sources due to particle size, solubility and lead
speciation.

» The technical documents reviewed that primarily addressed statistical/modeling issues
indicated the following:

using structural equation modeling, it was concluded that exterior deteriorating
lead-based paint contributes significantly to the household dust fraction of lead via
its presence in soils; and,

the complexity and variability associated with the analysis of lead data require
consideration of a variety of factors ranging from scientific to socioeconomic
issues in order to establish a cleanup level and potential remedial actions.

» The technical documents that primarily addressed issues related to lead in soils indicated
the following:

lead in paint and dust have a significant impact on lead exposure;
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lead-based paint remains the most common high-dose source of lead exposure in
preschool children;

the Urban Soil Lead Abatement Demonstration Project authorized under SARA
in 1986 was inappropriately used by USEPA during the October 26, 1994 public
meeting to present their position that soil abatement plays a significant role in
minimizing lead exposure; However, as discussed under Comment 1, the USEPA
also concluded from the Urban Soil Lead Abatement Demonstration Project that
abatement of one source of lead exposure should only be considered in the context
of the other sources present.

» The majority of the technical documents reviewed supports the concept that PRGs
(cleanup levels) should be determined for each site using site-specific data along with
available data analysis techniques and current lexicological information. Consideration
and integration of health-related socio-economic, cost, institutional control and public
awareness and education factors must be weighed as part of the process of establishing
a cleanup level for lead in soils.

As noted in the Section I of this document, McLaren/Hart solicited and provided expert review
of the following documents that were placed in the Administrative Record:

"Madison County Lead Exposure Study, Granite City, Illinois," by R.
Kimbrough, M. LeVois, and D. Webb (Illinois Department of Public Health);

"Comments on Madison County Lead Exposure Study, Granite City, Illinois," by
A.H. Marcus, K. Hogan, P. White, and P. Van Leeuwen (USEPA);

"Response to Comments of the U.S.EPA Reviewers Regarding the Granite City
Lead Study Draft Report," by M. LeVois (Illinois Department of Public Health);
and

"Preliminary Assessment of Data from the Madison County Lead Study and
Implications for Remediation of Lead-Contaminated Soil," by A.H. Marcus
(USEPA).

Expert reports were prepared by McLaren/Hart (Exhibit B) and by Dr. Ellen J. O'Flaherty of
the University of Cincinnati Medical Center (provided separately as part of the Group's submittal
of comments to the Proposed Plan). In their assessment of the above-listed documents, these
reports support the conclusion that the technical documents placed in the Administrative Record
do not support the 500 ppm cleanup level for lead in soils as a mechanism for mitigating
potential health risks associated with the Site. Specifically,
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» The Madison County Lead Exposure Study, Granite City, Illinois (Illinois Department
of Public Health 1994a), was of high quality and its conclusions were supported by the
data and the statistical analyses performed.

> The USEPA predictions shown in Figure 18 of the "Preliminary Assessment of Data
from the Madison County Lead Study and Implications for Remediation of Lead-
Contaminated Soil," (Marcus 1994b) all exceed the observed values for the upper 20
percent of the data. This suggests that the lognormal model may be too heavy-tailed for
this data. At the 95th percentile, blood lead levels were overpredicted by 4 /ig/dl (25
percent), and at the maximum, the model overpredicted by about 70 /tg/dl or more than
100 percent of the observed maximum. These evaluations indicate the IEUBK modeling
and prediction performed by the USEPA for this Site did not fit the blood lead data as
closely as the USEPA has indicated.

6. While USEPA was relying on current guidance at the tune of the ROD in selection
of the residential soil lead cleanup level, since that time, the USEPA has taken a
more site-specific approach to the selection of cleanup levels at similar sites. In
some cases, this has resulted in the selection of soil lead cleanup levels substantially
higher than the 500 ppm level set for the NL Industries/TaraCorp Site.

» As indicated in Appendix B to the ROD, the selection of the soil lead cleanup level for
the NL Industries/TaraCorp Site was based, in part on the USEPA's "Interim Guidance
on Establishing Soil Lead Cleanup Levels" (USEPA 1989). This guidance relies on the
Centers for Disease Control (CDC) recommendation that " . . .lead in soil and dust appears
to be responsible for blood levels in children increasing above background levels when
the concentration in the soil or dust exceeds 500 to 1,000 ppm." The USEPA further
states that "Site-specific conditions may warrant the use of soil cleanup levels below the
500 ppm level or somewhat above the 1,000 ppm level."

Since the time of the ROD, however, the USEPA has utilized site-specific information
in the selection of soil lead cleanup levels higher than that selected for the NL
Industries/TaraCorp Site. For example, at the Bunker Hill Mining and Metallurgical
Complex Superfund Site (Bunker Hill) in Idaho (including the cities of Kellogg,
Smelterville, Wardner, Pinehurst, and Page), also a smelter site (this was also a mining
site), the USEPA selected a residential soil lead cleanup level of 1,000 ppm following
such an approach. In the ROD for that site (USEPA 1991), the USEPA indicated that
predicted lead intake was based on total lead levels from all media, and that the principal
pathways were diet, drinking water, air, soils and dusts. While the ROD for the Bunker
Hill site indicates that the assumptions on which the 1 ,000 ppm level were based may not
apply to other sites, given the similarity of the sources of contamination between the
Bunkder Hill site and the NL Industries/TaraCorp Site, it seems likely that a 1,000 ppm
residential soil lead cleanup level would also be protective of human health and the
environment at the NL Industries/TaraCorp Site.
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> The USEPA has developed and published revised guidance tor the development of lead
cleanup levels (USEPA 19945). This guidance supersedes the 1989 guidance, and allows
for the consideration of site-specific conditions, including evaluation of exposure to
environmental lead other than soils (e.g., paint, dust). As discussed under prior
comments in this document, if the residential soil cleanup levels for the NL
Industries/TaraCorp Site were developed following the current guidance, a higher
residential soil lead cleanup level would likely be selected.

» In the ROD for the Bunker Hill site, the USEPA notes that, "The effectiveness of the
1,000 ppm threshold level for yard soils is dependent on several assumptions regarding
reduced intakes along other pathways. Some of those assumptions are based on
assessments of other remedial activities on the site and substantial reductions in dietary
intake achieved from nationwide lead reduction initiatives." This approach, which
includes evaluation of other remedial activities at the site, is consistent with the USEPA's
more recent guidance, and should be followed for the selection of a residential soil lead
cleanup level for the NL Industries/TaraCorp Site. Other remedial activities that should
be taken into consideration for the NL Industries/TaraCorp Site should include the benefit
from remedial activities in the industrial areas (e.g., covering the TaraCorp Pile), and
the potential need for and exposure reduction from addressing other environmental
sources of lead such as lead paint in the interior and exterior of homes.

(BI2W) 12



UI. SUMMARY AND CONCLUSIONS
As part of the process to determine a final residential soil lead cleanup level for the Site,
technical comments on the Proposed Plan have been prepared for submittal to the USEPA and
for inclusion in the Administrative Record. In the preparation of these technical comments, the
Group conducted the following major activities:
• Completed a technical review of approximately 115 documents representing new

information placed in the Administrative Record by USEPA;

• Solicited and provided expert review of four documents related to the Madison County
Lead Exposure Study;

• Attended the public meeting of October 26, 1994 and reviewed the transcript from the
meeting;

• Reviewed a document regarding USEPA's use of the IEUBK model on the lead exposure
data for the Site (Ginsberg 1995); and

• Reviewed and evaluated USEPA guidance documents regarding the IEUBK model and
the development of soil lead cleanup levels at Superfund and RCRA sites.

The major conclusions drawn from these activities are as follows:

• In proposing a 500 ppm lead soil cleanup level, USEPA did not adequately consider
the potential for sources of toad exposure other than soil to impact blood lead levels
in children. Such an approach fa flawed and does not appropriately consider the
findings of technical documents newly placed in the Administrative Record,
USEPA's most recent guidance on the development of soil lead cleanup levels, and
USEPA's guidance on the use of the IEUBK model.

> The technical documents and USEPA's guidance regarding the development of a soil
lead cleanup level do not support USEPA's conclusion that remediation of soils to
500 ppm lead would result In significantly decreased blood lead levels. USEPA's
own Urban Soil Lead Abatement Demonstration Project provided no evidence that
soil lead abatement has a significant direct impact on blood lead levels in children.
Given the results of USEPA's work at the Bunker Hill Mining and Metallurgical
Complex in Idaho, where USEPA stated that soil lead abatement was effective in
reducing blood lead levels, a 1,000 ppm soil lead cleanup level would be protective
of human health and the environment (1,000 ppm was the residential soil lead
cleanup level selected for the site by the USEPA.)

(B1229) 13



»> The USEPA did not follow its most recent guidance on developing soil lead cleanup
levels and guidance on utilizing the IEUBK model. If USEPA's guidance were
followed and the IEUBK model utilized in confonnance with USEPA's guidance, a
higher soil lead cleanup level (greater than 500 ppm) may be demonstrated to be
equally protective of human health and the environment.

> The IEUBK model, as utilized by USEPA to justify a 500 ppm soil lead cleanup
level, did not fully incorporate site-speckle data or consider other important
potential sources of lead exposure to children. These sources include lead paint, and
site-specific measurements of lead levels in interior dust.

> The magnitude of the potential lead exposure problem predicted by USEPA's results
from the IEUBK model (which did not fuUy utilize site-specific data) is inconsistent
with the actual results of the blood lead study in children conducted by the Illinois
Department of Public Health. While the USEPA has taken issue with some of the
conclusions of the blood lead study, expert review has shown that its conclusions are
sound, and can be relied upon in the evaluation of the outputs of the USEPA's
modeling.

Based on the review of new information provided by USEPA in its Administrative Record
(including guidance developed by USEPA since the 1990 ROD regarding development of soil
lead cleanup levels) and a more appropriate running of the IEUBK model; the Group strongly
believes that USEPA should reconsider its residential soil lead cleanup level of 500 ppm. The
Group's review of the information in the Administrative Record concludes that a residential soil
cleanup level of 1,000 ppm could be utilized and still be protective of human health and the
environment. Utilizing a residential soil lead cleanup level of 1,000 ppm would provide a better
balance of trade-offs between remedial actions that could be implemented at the Site. A remedy
that includes a 1,000 ppm residential soil cleanup level would be equally protective of human
health and the environment, more implementable, and more cost-effective than the USEPA's
selected remedy, including a 500 ppm residential soil cleanup level.
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1.0 EXECUTIVE SUMMARY

The Draft Madison County Lead Exposure Study, Granite City, Illinois, (Illinois Dept of Public
Health; Institute for Evaluating Health Risks, February, 1994) represents an evaluation of blood lead
concentrations in children who live in the vicinity of the former secondary lead smelter in Granite
City. The study investigated the relationships between environmental/socioeconomic/behavioral
factors and blood lead.

The draft report points out that blood lead concentrations in young children were not substantially
impacted, with most of the children (total of 490 6 month to 6 year old children surveyed) having
blood lead concentrations well below the USEPA level of concern (10 Mg/dl). Additionally, blood
lead concentrations were dependent upon a variety of factors, with the dependence upon soil lead
apparently less significant than the dependence upon factors governing exposure to lead in house
paint (e.g., paint lead XRF concentrations, building condition). A follow-up critique of the draft
report by USEPA challenges these conclusions, and utilizes the Integrated Exposure Uptake
Biokinetic (IEUBK) Model to justify a soil cleanup goal for Granite City of 400 to 500 ppm
(Marcus, 1994).

The objectives of the current analysis are presented below together with a brief summary of our
major fitvting* The detailed analysis supporting these findings is provided in subsequent sections.

Objective #1: Review and comment upon the results of me Draft Madison County Lead Exposure
Study.

The blood lead distribution shown for Granite City children is typical of that
expected for urban areas. While statistical analyses of Ac environmental lead/blood
lead relationship are confounded by a variety of covariant parameters, soil lead is
unlikely to be a major explanation for elevation in blood lead.

Objective #2: Evaluation of the accuracy of IEUBK Model predictions for Granite City.

The default model used by EPA to derive a soil lead cleanup goal (Marcus, 1994) is
not predictive for the cases hi which soil lead exceeds 500 ppm. The slope between



blood lead and soil lead C*g/df change in blood lead per 1000 ppm change in soil
lead) is overpredicted by approximately 4 fold by the default model.

Objective #3: Calibration of the IEUBK Model to better predict childhood blood lead
concentrations at Granite City.

The best performance of the model is attained by decreasing the soil/house dust lead
uptake (absorption) coefficient under conditions of high environmental
concentrations. This calibration yields model predictions of the blood lead/soil lead
slope that provide a good fit to the Granite City dataset Note that TRC did not
examine the algorithms embodied in the model and expresses no opinion as to their
applicability in general.

Objective #4: Utilize the calibrated model to evaluate soil cleanup scenarios in terms of the
possible benefits to community blood lead.

The calibrated model demonstrates that soil lead remediation to even very low
concentrations (e.g., 200 ppm) would have only a slight impact upon blood lead as
indicated by the limited effect of soil lead on indoor dust lead. Many children who
have elevated blood lead do not live in elevated soil lead areas. The blood lead/soil
lead slope factor relating blood lead to soil lead is thus shallow. Rather than focusing
upon soil lead mitigation, a combined approach involving parental education,
mitigation of strong lead sources (such as lead paint in poor condition, and grossly
elevated soil and dust lead concentrations) may be the most effective approach, if it
is decided that an intervention program of any kind is needed in this community.

Objectives: Provide comments on the EPA critique of the Madison County draft report (Marcus,
1994).

EPA's critique fi)cused upon a spatial relationship between blood lead and soil lead
which is confounded by a variety of covariates. In the first instance, EPA appears
tornisimerprettrie use of sr^tial correlation m the study. It was not intended as a
method for comparing areas. Rather, it was simply intended to assure that a
iqmfMuitotfrii* ««mpij» WM obtained aeroM the whole of the community. In any case,
while soU lead and blood kad both decrease with increasing distance fiom the former
smelter, the association between soil lead and elevated blood lead is weak and not
statistically significant Other eirvinamental(p«tieulariypaim
sotioeconomic factors are likely stronger inflhifir** in creating blood lead
exceedances. Further, EPA's use of the dc&uit IEUBK Model, which ignoresthe real
data gathered at the site in contravention of the instructions stated in the user manual,
hnj numcrotu flmva and provide t mhl*"<it'g •««•*«"!«* of the potential benefits
of soil lead remediation. We believe that the cleanup scenarios presented in this
analysis provide a more realistic representation of the effects of soil lead remediation.



2.0 REVIEW OF THK DRAFT MADISON COUNTY T FAD EXPOS! IRE STUDY
*. ..... .;

The draft report represents an evaluation of the relationship between environmental lead and blood
lead levels in the community immediately surrounding the former smelter. The investigators
obtained data on lead in soil, house dust* indoor and outdoor paint, and drinking water, and related
these data to blood lead levels in 490 0 to 6 year old children. Smaller numbers of participants were
included in the 6 to IS year old and greater than IS year old age groups. Additional factors
considered for possible impact on childhood blood lead included: parental education and income
level (socioeconomic status or SES), household number of cigarettes smoked per day, proximity to
the former smelter, and age of the residence and its condition with respect to intactness of painted
surfaces. Since a suitably matched control group was not identified, the study adopted a cross-
sectional design relying upon regression analysis to test hypotheses regarding environmental lead:
blood lead relationships. The study region was divided into concentric rings spreading outward from
the former smelter to ensure a reasonably even spatial distribution of subjects, a point misunderstood
by EPA.

The report provides important data on the blood lead distribution in the vicinity of the former
smelter. For 0 to 6 year old children, the geometric mean blood lead was 5.58 Mg/dl, with 16% of
children having blood lead levels greater than 10 Mg/dl. Only 7% of blood leads were above 15 Mg/dl
in this age group. Co-linearity was found between key environmental risk factors such that soil lead,
house dust lead, indoor/outdoor p*"* toad, condition of residence, parental income and educational
level, and proximity to the former smelter site were correlated to one another. Therefore, the soil
lead/blood lead relationship was confounded by a large number of interrelated variables. When
hierarchical regression was used to account for key interrelated parameters (i.e., water lead, paint
lead, condition of paint), it was shownihat soil lead accounted for only 3% of the blood lead
variance. In relation to other risk factors, the contribution of soil lead was considered to be quite
small. For example, comparison of blood lead results across the soil lead <SOO ppm vs. >SOO ppm
groups found only 1.4 Mg/dl differential. In contrast, a marked blood lead differential was found
across residences representing different levels of upkeep. Blood lead in 0 to 6 year old children
ranged from 6 Mg/dl when the residence was in good condition, to 8.2 Mg/dl for a rating of fair
condition, to 11.8 Mg/dl for poor condmon. Such findings toad to the conclusion that in this
community, factors other than lead in soft have a more important impact on blood lead, in spite of
the fact that soil lead levels ranged up to 3,000 ppm. Consistent with this is the results of an
educational intervention in this community in which a marked blood lead decline was attributed to
this intervention by the study authors.

Additional support for the concept that soil lead is not a key determinant of blood lead comes from
the analyses provided below (Section 5, Figure 3) which show that the majority of blood lead
exceedances in this community are in cases where soil lead is low (less than 500 ppm).

Since the Madison County Lead Exposure Study found that 16% of the 490 blood lead
concentrations were above 10 Mg/dl, mete is a suggestion of a slight increase in community lead risk.
The current USEPA criteria states that no more than 5% of children should be above 10



While these blood lead data are a potential concern, it should be noted that the population geometric
mean blood lead is not elevated (S.58 ^g/dl for 0 to 6 year old children), signifying that most
children have normal blood lead. Additionally, the Granite City results are not materially different
from what is found at urban areas where there is no former or current lead smelter. For example,
the NHANES III dataset as compiled by Brody, et al. (1994), indicates that 16.4% of childhood (1
:o 5 years old) blood lead values exceed 10 Mg/df in urban areas of less than one million in
population. This correspondence with Granite City blood lead results is striking and suggests that
if a problem does exist at Granite City, it is best attributed to the same types of lead source that are
typical of the urban environment (e.g., old housing containing dilapidated lead paint; historic lead
fallout from fuel combustion). It should be noted mat in the Granite City dataset, race had very little
impact on blood lead, with the mean for white and non-white children not being statistically
different This contrasts with the NHANES in dataset where urban non-whites had substantially
higher blood lead than did urban whites. It is possible that this indicates similar SES status for
Granite City whites and non-whites since at Granite City, SES was a key determinant of blood lead.

3.0 ACCURACY OF THE DEFAULT IEUBK MODEL FOR PREDICTING GRANITE CITY
BLOOD LEAD CONCENTRATIONS

Version 0.99d of the IEUBK Model was used with default parameter values (except for soil, dust
and water lead where actual values were used) to provide predictions of childhood (0 thru 6 yean
old) blood lead levels. The model was run in the batch mode such that each record in the dataset
could be put through the model and contribute individually to the overall statistics. Table 1
compares predicted md »<**"•> blood leads for the entire itffltry* encompassing 490 young children,
and for subdivisions of the dataset based upon soil lead outpoints. The model provided a reasonable
fit to actual blood lead data for the entire dataset, both in terms of geometric mean blood lead and
% greater man 10 Mg/dl (see top line: Total Population). However, the model overpredicted blood
lead concentrations by nearly 2 fold in the soil lead subgroup that was greater than 1000 ppm (7.1
actual; 13.7 predicted). Additionally, the percentage of children with blood lead above 10 Mg/dl was
overestimated by a large factor m this subgroup. A similar situation occurred in the 501 to 1000 soil
lead subgroup, although the model overprediction was not as large (37%). In the lower soil lead
groupings (0 to 250 ppm, and 251 to 500 ppm), the model-predicted blood lead was reasonably close
to that actually observed, although in the lowest subgrouping, the model underpredicted by 27%.

Table 1 points out a major problem with default runs of the IEUBK Model for Granite City. The
model predicts a soil lead/blood lead slope of 7.48, which » far above that actually seen (1.70). This
overprediction of the slope leads to the false conclusion mat blood lead is very sensitive to changes
in soil lead such that if soil lead were remediated, blood lead levels should fall dramatically. The
Urban Soil Lead Abatement Project (Baltimore, Onctanati, Boston) indicated th^
could be found after remediation of soil lead (e.g^ Wetaman, 1993), which supports the concept of
a low soil lead/blood lead slope. Other investigators have found similarly shallow soil lead/blood
lead slopes (Starke, 1982; Yankel, 1977; Galke, 1975; Baltrop, 1975; Bomschein, 1990; Rabinowitz,
1988). Therefore, when modeling the benefit to be expected from soil lead remediation, it is critical



that the IEUBK Model be properly calibrated. Otherwise, the blood lead response to a change in soil
lead will typically be overstated.

Note that TRC did not examine the algorithms embodied in tne model and expresses no opinion as
to their applicability in general.

4.0 CALIBRATION OF THE TEUBK MODEL FOR GRANITE CITY

The trend in Table 1 is that at low soil and dust lead concentrations (i.e., below 500 ppm), the model
provides a good estimation of childhood blood lead. However, with increasing soil/dust lead
concentration above 500 ppm, the model becomes increasingly overpredictive, such that for a
significant percentage of young children at Granite City (29%), the default version of the model is
inappropriate. The factors) which create serious model overprediction beginning at 500 ppm are
not well defined, but it is clear that the model needs to be adjusted downward (i.e., less lead exposure
and accumulation in blood) at the higher values for soil and dust lead. The most likely explanation
for the overprediction may be decreased absorption of lead from soil and dust at higher lead
loadings. This concept is consistent wfth a variety of literature sources (e.g., Sherlock, 1986;
Bushnell, 1983) and is more plausible than other potential explanations (children contact less soil
or house dust if it contains high lead; shift hi lead internal distribution away from blood at higher
intake).

On this basis, the model was fitted to (he actual blood lead data by adjusting the model defeult
soil/dust lead absorption coefficient (30% - total of saturable and non-saturable) to values that
provide the best prediction of blood lead. The model was iterated using different absorption
coefficients until a good fit was achieved for each soil lead subgrouping. Table 2 shows the back-
fitted absorption coefficients that provide the best fit for several soil lead subgroupings. While the
model default value of 30% soil absorption is appropriate for the 251-500 ppm group, lower
absorption coefficients are required fcr fitting the model to actual data in higher soUlead groupings.
The relationship between absorption coefficient and the composite soil/dust lead concentration
approximates a straight line with a negative slope Cower al>soiptioncoefiBcient at higher soil leads)
between 393 and 1213 ppm having a negative slope (Figure 1). This relationship can be used to
approximate the lead absorption coeffldent for any values of soil and dust lead in this community.

As shown in the next section, the calibrated model provided blood lead/soil lead slopes for cleanup
scenarios that are reasonable estimates for that actually found at Granite City.

5.0 SOIL LEAD CLEANUP SCENARIOS

Table 3 utilizes the calibrated model to predict the blood lead benefit from remediating soil lead to
1000,500, or 200 ppm in this community. All cleanup scenarios were run with actual batth file data
for each household. Interior dust lead was adjusted to account for the remediation of soil lead by
decreasing the dust lead by 0.7 times the decrement in soil lead. This approach is based upon
USEPA's conservative assumption that 70% of the soil lead concentration is transferred to the indoor



environment to create house dust lead (USEPA, 1994). Our approach allows for house dust
concentrations to exceed soil lead concentrations as is often the case at Granite City. The likely
explanation for this differential is that interior lead sources (i.e., flaking interior paint) are a key
source of dust lead. Thus, when soil lead is abated and nothing is done about interior lead paint
sources, the house dust lead concentration will change by only that fraction contributed by soil lead.
By adjusting dust lead by 0.7 times the decrease in soil lead, we are being faithful to the USEPA
default for soil lead contribution to house dust while not ignoring other factors which contribute to
house dust

The data in Table 3 show the calibrated Model predictions of the benefit which could be expected
from different soil lead cleanup targets (1000 ppm, 500 ppm, or 200 ppm). These data shown
represent only the households which would be remediated, and do not take into account the overall
impact on the community. This overall impact is presented in Table 4.

Table 3 indicates a modest decline in blood lead when soil leads are reduced to the indicated cleanup
targets. The benefit of soil remediation is predicted to be greater above 1000 ppm (1.3 Mg/dl drop
in geometric mean blood lead and 4 fold drop in percent of children with elevated blood lead) than
below 1000 ppm, partially because the change in soil and house dust is larger at the higher starting
concentrations. Additionally, as soil/house dust concentrations are lowered, the absorption
coefficient is expected to increase thus decreasing the net effect on lead uptake. Thus, the table
shows that diminishing returns are achieved by driving soil lead concentrations below 1000 ppm.
It is important to note that even when soil lead is remediated to 200 ppm, the model predicts that the
percentage of children with blood lead exceedances (i.e., >10 Mg/dl) would still be high in the
subgroup of houses that were remediated (13% above 10 Mg/dl in the 361 homes remediated to 200
ppm).

Table 4 indicates the blood lead benefit to be expected from the same three soil cleanup scenarios
described in Table 3, but now data for remediated homes has been merged with the non-remediated
homes (those below the remediation cutpoint) to determine the influence of remediation on the
overall population (N-490 cases)blood lead. The influence of soil lead remediation on the overall
population gfomftric mem fa predicted to fr* """»f««'«>i which i« emmitent with the fact that these
cleanups would accomplish very minor reductions in population geometric mean soil and dust leads.
Since the vast majority of households have soil and dust concentrations below 500 ppm, remediation
of relatively few households at the top of the distribution shifts the overall exposure concentration
little. Most importantly, soil remediation to concentrations as low as 200 ppm is modeled to produce
only a small effect on the percentage of children with a blood lead in excess of 10 ̂ di-

ll should be noted that these model simulations of cleanup scenarios yield a blood lead/soil lead
slope ranging from 1.7 (Table 3) to 3.1 (Table 4). This is similar to the slope found in the current
Granite City database (approximately 1.7) (Table 1). This demonstrates that the calibrated model
is responsive to the actual blood lead/soil lead relationship and is likely to provide a good simulation
of cleanup efficiency.



Figure 2 provides a frequency distribution of blood lead concentrations for the entire dataset of 490
cases. The observed line presents the data reported in the Madison County Lead Exposure Study.
The predicted line for the 500 ppm (PreSOO) cleanup scenario indicates a slight shift towards more
children with blood lead values below 5 Mg/dt, but with very little impact above 10 Mg/di. The 200
ppm remediation scenario (Pre200) indicates a larger shift, but with still a considerable number of
children over 10

The finding that soil lead remediation would have little beneficial effect on the community-wide
rate of elevated blood lead reflects die fact that many children have elevated blood lead in spite of
being surrounded by relatively low soil lead (below 500 ppm) (Figure 3). Remediation to 500 ppm
will not affect these children, and it is unlikely mat even lower soil remediation standards would be
effective. For example, soil remediation will have little impact at homes whose house dust
concentration clearly exceeds the soil lead concentration. Interior sources (e.g., paint lead) likely
outweigh soil lead in such cases. The database contains 120 cases where house dust lead exceeds
soil lead by 200 ppm or more, with 83 of these cases having at least a 500 ppm differential. Blood
lead exceedances are a common occurrence in these cases (23%), and these cases will not be
materially improved by soil lead remediation. Thus, based upon the blood lead exceedances
distribution shown in Figure 3 and runs of the calibrated IEUBK Model (Tables 3 and 4), it is
evident that soil lead remediation would be generally ineffectual in this community. A combined
approach involving parental education, mitigation of strong lead sources (lead paint in poor
condition; grossly elevated soil and dust lead concentrations) may be the most effective approach
if it is decided that an intervention program is needed in this community.

6.0 EVALUATION OF EPA COMMENTS fMARCUS. 19W ON THE MADISON COUNTY
LEAD EXPOSURE STUDY

Mitigation of lead exposures is a worthwhile public health endeavor when properly directed
towards high risk individuals or groups, and at the major causatrve factors contributing to blood lead
(CDC, 1985). As pointed out above,, the community as a whole does not appear to represent a high
risk group for which lead mitigation would be especially required. The Madison County Lead
Exposure Study and EPA's analysis suggest that subgroupings of this population may be at elevated
risk ma manner wUch correlates win olirtaiice from The Madison County Lead
Exposure Study points out the numerous confounding factors which aflert the relationship between
distance from the smelter and blood lead (e.g., year residence built, building condition, household
income and education level, home ownership, soil lead). For each of these factors, residents were
at greater risk (e.g^ poorer building condition, tower famUy income and education, higher soil lead)
as distance to the former smelter decreased. EPA attempts to show the relative importance of
various lead sources to blood lead via correlational analyses involving spatial considerations
(distance from smelter). Additionally, EPA provides a preliminary assessment of soil remediation
options via the IEUBK model. However, EPA's assessment does not clearly differentiate between
lead sources and provides no indication of their quantitative importance (e.g., soil lead/blood lead
slope). Additionally, EPA's use of the IEUBK Model is flawed by arbitrarily assigning a default
value for house dust when actual, site-specific house dust data are available. Further, the IEUBK



Model performs poorly for a large percentage of cases when model defaults (as used by EPA) are
incorporated.

6.1 Assessment of Distance Rings

EPA suggests that soil lead is a more important contributor to blood lead than is paint lead based
upon a distance ring subgrouping of the database. The Madison County Lead Exposure Study
provided a parameter describing distance of each household from the former smelter. EPA
correlated distance from the smelter with a variety of parameters which might impact blood lead to
determine which factors seem most consistently associated with blood lead. Since paint lead
concentrations don't vary with distance while soil lead, dust lead, and blood lead concentrations are
correlated with distance, EPA suggests that soil lead rather than paint lead is the key contributor to
dust and blood lead.

This correlational analysis, which focuses upon distance from the former smelter, is confounded by
a variety of factors. The Madison County Lead Exposure Study demonstrates that such factors as
year residence built, building condition, household income and education level, and home ownership
confound the relationship between soil lead and blood lead as judged by distance. In fact, several
of these factors would suggest that paint lead could become a stronger source of lead closer to the
former smelter, in spite of the fact that paint lead levels are not actually correlated with distance.
The fact that building condition worsens with proximity to the smelter suggests that paint lead
would be more available to young children in homes nearer to the former smelter. Socioeconomic
factors which affect children's exposure to lead paint sources (parental income, parental education,
number of children per household) are all adversely affected with increasing proximity to the former
smelter. Thus, the degree of parental supervision and awareness needed to prevent children's
interaction with paint lead sources (e.g., gnawing on painted surfaces) appears to decline near the
smelter. This concept is supported by the finding that children's mouthing of non-food objects

i in homes located near the smelter. These factors indicate that although paint lead levels
are not correlated with distance, the degree of lead uptake from paint sources would still be expected
to increase with increasing proximity to the former smelter. The likelihood that paint lead is
substantially contributing to the blood lead vs. distance correlation is not recognized by EPA.

TRC examined the database subdivided by distance rings, to determine the strength of the
association between soil lead and blood lead exceedances. If soil lead is an important causative
factor in elevating children's blood lead above 10 Mg/dl, one would expect that the frequency of
blood lead exceedances at various distance rings would pai«M the soil lead distribution across these
rings. However,Rgure4shcrothitthisisix»mecase. This figure represents me data for distance
rings 1 thru 9; distance ring 10 is not included because of the low number of cases (N-3), and
distance rings 1 and 2 are combined because the number of cases in each group are relatively small
(9 and 13, respectively), and because the soil and dust lead concentrations in these groups were
nearly equal. It is clear from the figure that soil lead is not a major factor in elevating children's
blood lead within these rings since only small changes in percent blood lead exceedances are seen
(27% exceedance falls to 19%) over a soil lead range of 1000 ppm. In fact, regression of percent



blood lead exceedances in rings against the corresponding soil lead levels is not significant (p-. 118;
Figure 5).

In total, analysis of the dataset according to distance rings indicates a general tendency for soil lead
and blood lead to decrease with increasing distance from the former smelter. However, the
association between soil lead and the incidence of children with elevated blood lead is weak and not
statistically significant Other environmental (e.g., paint lead) and behavioral/socioeconomic factors
are likely stronger influences in creating blood lead exceedances.

6.2 rritiqiM of Soil Lead Remedi.^ fl^is Droned with the Default lEUB

The EPA analysis concluded by back-calculating soil remediation goals based upon the default
IEUBK Model. The major assumptions present in this exercise are analyzed below:

• House dust lead, concentration^ yg 70% of soil lead concentrations, regardless of the act"aj
house dust lead concentrations found in Granite Citv. EPA assumes that a soil lead-to-dust
coefficient of 0.7 is appropriate because it obtained reasonable IEUBK batch mode
predictions for Granite City children with this assumption. This validation exercise is flawed
because it ignores the actual Granite City house dust lead data, and instead uses an incorrect
default assumption. In fact when the default model is run with the actual house dust lead
concentrations, we find that in many cases (i.e., those over 500 ppm) it overpredicts blood
lead concentrations (Table 1). By applying model defaults for house dust that are lower than
the actual house dust data, EPA produces a reasonable fit, but one that has no basis in reality
or scientific principles.

The assumption that the Granite City environmental lead data can be described simplistically
as house dust lead being 70% of soil lead is a significant error. (Note: The model's default
contribution for airborne lead-to-house dust is insignificant). As the enclosed Table I shows,
soil lead and house dust geometric means are overall, very similar. Thus, there is no basis
to assume that dust lead is only 70% of soil lead. In feet, in numerous individual cases, dust
lead levels far exceed the corresponding soil lead levels. Thus, while soil lead may influence
house dust lead, other interior sources (e.g. lead paint) also play a fundamental role in driving
dust lead. The model's remediation back-calculation option used by EPA does not allow the
inputofbatchdatafiles. Thus, hopnehold-specific data are lost in this exercise and an overly
simplistic and incorrect model specification (house dust lead is 70% of soil lead with no
significant interior sources) is introduced. This creates overestimates of the effectiveness of
soil lead remediation because it ignores interior lead sources which are not affected by soil
lead remediation. In other words, the assumption is that soil lead is fully responsible for
house dust lead such that a 50% reduction in soil lead would yield essentially a 50%
reduction in house dust lead. Obviously, if paint lead is the major contributor to house dust
lead in particular homes, soil lead cleanup would have little impact on house dust or blood
lead concentrations. Given the magnitude of the lead paint problem in Granite City and the
number of cases in which house dust lead exceeds soil lead, the benefit of soil lead



remediation is substantially overpredicted by EPA's default back-calculation approach. This
approach overlooks the well-known impact of paint lead on house dust lead. For example,
Clark et al. (1985), have shown that housing stocks unlikely to contain lead paint can have
low soil lead concentrations (average of 350 ppm found). However, in older homes, dust
lead concentrations averaged 1,410 ppm and were two-fold higher if the home's condition
was dilapidated. The USEPA Lead Criteria Document (1986) states that lead paint can be
expected to substantially elevate dust lead from baseline levels.

We utilized a site-specific, non-default approach to estimate the benefit of soil lead
remediation (Section 5.0). In this approach, the data from each household was run through
IEUBK Model (batch mode) cleanup scenarios. It was conservatively assumed that 70% of
the soil lead concentration is contributed to house dust lead, and that there are other interior
sources that provide the remainder of the actual house dust lead measured. In our approach,
soil lead remediation was modeled to remove that fraction of house dust lead that it is
theoretically responsible for, while leaving in place that contributed by other sources (e.g.,
lead paint). This modeling approach is consistent with the IEUBK Model Guidance
(USEPA, 1994; see pages 2-40 and 2-41), in which house dust lead is shown to consist not
only of lead from soil, but also of lead from airborne deposition and from other unidentified
interior (e.g., lead paint) and exterior (e.g., parental occupation) sources (the B0 term in the
house dust lead equation on page 2-41).

It should be noted that if one were to properly simulate house dust lead concentrations, the
model offers a Multiple Source Analysis in which interior lead sources can be factored in.
By using the default in this case (no ulterior sources), EPA misses an opportunity to render
its use of the model more realistic. However, the best approach is still to run remediation
scenarios in the batch file mode in which the actual house dust lead concentrations can be
adjusted downward based upon the anticipated benefit from soil remediation. This is the
approach we took in Section 5.0.

Lead birtflvatlahi]itv from soil does not reflect the non-linearffig* ohaerved at Granite Citv.
The IEUBK Model assumes ±at the ̂ saturation point for soil lead absorption is 100 pg lead
ingestion/day. In other words, it would require a lead loading of 200 pg/day to begin to see
a curvilinear (saturation) lead uptake response. With current model defaults, this level of
lead loading would require a soil/house dust concentration of approximately 2,000 ppm. As
discussed in Section 4.0, non-linearities which may involve satunble uptake occur at much
lower concentrations. Therefore, the default version of the model is insensitive to thenon-
linearities seen at Granite City, and it must be modified if it is to be predictive of the benefits
of soil lead remediation. The modifications described in Section 4.0 address these non-
linearities, while the default approach used by EPA does not

A soil lead/blood lead slope of 7 to 8 ng/dl blood lead change per 1.000 nnm soil lead
change. The model default creates this large slope by underestimating the non-linearities in
the lead absorption profile, and by ignoring other factors which continue to add to blood lead
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(e.g., paint lead, other lead sources) even when the soil lead concentration has been reduced.
Thus, the benefit of soil lead remediation is grossly overpredicted by the default version of
the model.

Our model runs, calibrated for the Granite City dataset using actual environmental data,
provide a much more realistic soU lead/blood lead slope. The analysis provided by EPA is
not site-specific and uses assumptions which overemphasize the influence of soil lead on
blood lead. EPA's use of a default model that overpredicts the soil lead/blood lead slope by
4-fold (Table 1) indicates that the defeult model does not apply to Granite City. Our use of
each household's data in validation runs and soil lead remediation scenarios provides a major
advance over the default approach used by EPA.
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TABLE 1
DEFAULT RUNS OF THE IEUBK MODEL

Case

Total population
Soil Pb> 1000 ppm

Soil Pb 501-1000 ppm
Soil Pb 25 1-500 ppm

Soil Pb 0-2SO ppm

Soil lead/blood lead slope*

N

490
39

104

169

178

G
Mcuu
Soil
Pb

335
1510

651

347

146

GMean
Dust
Pb'

334

971

719
430

196

Actual

GMean
Blood Pb

5.60

7.10

6.43

5.69

4.78
1.70

%>10/,g/dl

16
31

19

20

7

Predicted

GMean
Blood Pb

6.13

13.69

8.83

6.21

3.48

7.48

%>10/jg/dl

19

85

24

17

3

• In certain cases die median dust lead is reported since a geometric mean value could not be calculated due to zero values in the
dataset.

k Rate of change of blood lead (pg/dl) per 1000 ppm change in soil lead based upon the geometric mean soil and blood lead values
shown in the table.



TABLE2
CALIBRATION OF IEUBK MODEL ABSORPTION COEFFICIENT

Case

SoilPb>1000

Soil Pb 501-1000

Soil Pb 251-500

TWA Soil/Dust Pb*

1213

688

393

Actual Blood Pb

7.10

6.43

5.69

Back-Fitted
Absorption CoeflL

12%

19%

30%

Tune weight-averaged soil and dust lead concentration. Derived by averaging soil and dust
lead concentrations according to the model defeult (45% exposure to soil, 55% exposure to
dust).



TABLE 3
IEUBK MODEL RUNS FOR CLEAN-UP SCENARIOS

(STATISTICS FOR REMEDIATED CASES ONLY)

Clean-up
Scenario

tolOOOppm

to 500 ppm

to 200 ppm

# Cases
Cleaned

39
143

361

Pre-Clean-Up

G.M.SoU
Pb

1510

819

460

G.M.
DustPb

970

780

411

G.M*
Blood Pb

7.1

6.59

6.0

%>10

31

22

19

Post-Cleaii-Up

G.M.
Soil Pb

1000

500

200

G.IVf.
Dust Pb

743

596

228

G.M. Blood
Pb

5.8

5.95

5.4

% > 10

8

15

13
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FIGURE 3

BLOOD LEAD EXCEEDANCES ACROSS SOIL LEAD SUBGROUPS
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EXHIBIT A

REVIEW OF PUBLIC RECORD DOCUMENTS
FOR THE

NL INDUSTRIES / TARACORP SITE
Granite City, Illinois

January 13, 1995

EXECUTIVE SUMMARY

The PRP Group for the NL Industries/Taracorp Site has retained McLaren/Hart to provide a
review of the documents for the NL Industries/Taracorp Superfund Site (Site) which were
introduced into the Administrative Record by the United States Environmental Protection Agency
(USEPA) in support of their recommended 500 ppm lead in soil cleanup level at the Site.
McLaren/Hart evaluated the significance of each reference as it pertains to the establishment of
the 500 ppm cleanup criteria for lead in residential soils.

No document reviewed supported or demonstrated that soil lead cleanup levels of 500 ppm
would significantly reduce lead in blood. One of the documents reviewed indicated only a slight
increase in PbB (1.25 ng Pb/dL of blood) was associated with a 1000 mg/kg increase in soil
concentrations for an inactive smelter site based on a study conducted in Mid vale, Utah.
Assuming an average background PbB in a child is 5 ng/dL, the results from the Midvale study
suggest that a soil concentration of 4000 mg/kg would be required to reach a blood lead
concentration of 10 pg/dL. Additionally, the relationship between PbB and PbS was weak and
confounded by variables such as socioeconomic factors, diet (calcium, zinc and iron), the
amount of lead ingested, PbS bioavailability, and sources of lead other than PbS [air, dust, and
lead-based paint (LBP)].

Overall, the documents reviewed do not support the recommendation of a 500 ppm cleanup level
for lead in residential soils as a mechanism for mitigating potential health risks associated with
elevated blood lead levels in children living in the vicinity of the NL Industries/Taracorp Site.
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The majority of the information reviewed supports the concept that cleanup levels should be
determined for each site using site-specific data along with available data analysis techniques and
current toxicological information to develop an appropriate cleanup level or Preliminary
Remediation Goal (PRG) based upon protecting human-health and the environment. This
analysis includes the incorporation of site-specific information into the IEUBK and other
computerized statistical modeling approaches. Once the proposed cleanup level has been
developed, it should then be subject to evaluation by the scientific, regulatory and public
communities which will be affected by its implementation. The consideration of health-related,
economic, social and scientific factors must be weighed prior to finalization of any cleanup
standard in order to determine the best possible remedial action for the site. Such an approach
is consistent with USEPAs recent guidance for determining protective levels for lead in soil at
CERCLA sites (OSWER Directive #9355.4-12: Revised Interim Soil Lead Guidance for
CERCLA Sites and RCRA Corrective Action Facilities).

Conclusions

• The documents placed in the Administrative Record do not support the recommendation
of a 500 ppm soil clean-up level for Pb for the Site;

• Comparisons can be made with other similar sites that indicate 1000 ppm Pb or higher
would be an appropriate soil cleanup level for residential areas of the Site; and

• Site-specific analyses (beyond those already conducted by USEPA) are required to
develop the most appropriate clean-up level for this Site. An analysis such as the IDPH
study can serve this purpose (84).

(B1229) 11



1.0 INTRODUCTION

The NL Industries/Taracorp Site (Site) occupies approximately 16 acres in Granite City, Illinois.
Hoyt Metal first operated the Site for metal refining, fabricating and related work in 1903, and
metal operations continued at the Site under several different owners. During this period,
facility operations included a secondary lead smelter used for purifying/reprocessing lead-
containing scrap and used batteries. Smelter operations ceased in 1983.

In December of 1982 the Site was proposed for the National Priorities List (NPL). NL
Industries, as previous owner of the Site and one of the potentially responsible parties (PRP)
voluntarily entered into an Agreement and Administrative Order by Consent (Order) with United
States Environmental Protection Agency (USEPA) and the Illinois Environmental Protection
Agency (IUEPA) in May of 1985. Under this Order, NL Industries was required to initiate a
Remedial Investigation/Feasibility Study (RI/FS) to evaluate the nature and extent of
contamination at or near the Site and assess remedial alternatives as necessary. USEPA divided
the Site into three areas of concern regarding lead impacts as a potential health threat to the
community: the Main Industrial Properties, the Adjacent Residential Areas, and the Remote Fill
Areas.

As part of this process, the USEPA has proposed a cleanup level of 500 ppm (500 mg/kg) for
lead in the Adjacent Residential Area soils (March 1990 ROD). In support of this proposed
cleanup level, USEPA has introduced 115 references into the Administrative Record for the NL
Industries/Taracorp Site. In addition, the USEPA has opened a Public Comment Period to
address issues associated with the proposed residential soil cleanup level and subsequent remedial
strategy. Public comments will be considered by the USEPA prior to realization of the soil lead
cleanup level (115).

The PRP Group has retained McLaren/Hart to provide a review of the documents introduced
into the Site's Administrative Record in support of the 500 ppm lead in soil cleanup level in
order to evaluate the significance of each reference as it pertains to the establishment of the 500
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ppm cleanup level for lead in residential soils. McLaren/Hart was able to obtain and review all
115 documents that were introduced into the NL Industries/Taracorp Site Administrative Record
on October 13, 1994. The documents submitted by USEPA do not support its position.

A general overview of McLaren/Hart's review is provided in Section 2.0 with a more detailed
discussion of these issues presented in Sections 3.0 through 5.0.
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2.0 GENERAL OVERVIEW

A majority of the documents placed into the Administrative Record for the NL
Industries/Taracorp Site fall into one of three general categories: lexicological issues
surrounding lead, statistical and modeling techniques for analysis of lead data, and issues
surrounding lead-containing soils.

These three general categories presented information on the following issues:

lexicological:

Health effects,
Biomarkers, and
Metabolism/pharmacokinetics of lead (bioavailability, intake, and distribution).

Statistical/Modelling Approaches:

IEUBK Model,
Regression analyses, and
Structural equations.

Lead-containing Soils:

Multi-media issues,
Exposure pathways,
Environmental predictors of blood lead concentrations,
Site-specific case studies, and
Development of cleanup criteria for lead in soil.
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The review process revealed that several of the supporting references included duplication of
various journal articles or study data. In the event of duplication resulting from the inclusion
of draft and final versions of reports or publications presented within more than one reference,
only the final draft or most recent of the reference was reviewed.

In addition to duplication of references, McLaren/Hart found that several of the cited references
were quite dated (as far back as 1961). Information contained in these articles are not the most
appropriate for supporting the development of current cleanup levels based upon the myriad of
changes that regulatory guidance has undergone in recent years in response to the increased
awareness and evidence regarding the potential health effects of lead exposure.
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3.0 DETAILS OF TOXICOLOGICAL ISSUES

Health Effects
Of the documents reviewed, approximately 70 addressed toxicological issues. These documents
addressed health affects and characterized human lead toxicity from a variety of multi- media
sources including environmental media, gasoline, food, soldered cans, leaded ceramic ware and
crystal decanters, and occupational sources. In general, the documents noted that sources of lead
from gasoline, soldered cans, food (dietary), lead-based paint (LBP), and air were the greatest
sources of human exposure to lead (6, 15, 18, 31, 35, 36, 39, 77, 81, 83, 86, 109, 111, 113).
Environmental media sources were predominately grouped as air, water, dust, soil, and paint,
and only 10 of the 70 articles on toxkological issues individually evaluated lead in soil (PbS)
as a source. A review of the articles relating to such health effects is not included in this
document.

Biomarkers

Several documents submitted to the record reviewed biomarkers for determining long-term lead
exposure; such biomarkers include bone, teeth, nails and hair (36, 55, 86). However, the long-
term biomarker studies reviewed did not specify soil as the primary source of lead, and
conflicting results were reported for correlations of lead effects and long-term biomarkers. This
suggests that a strong relationship between long-term biomarkers and lead toxicity was not well
established, even though a correlation of long-term biomarkers to PbB may exist (58).

In one study, children with high tooth lead concentrations (18 pg/g) were reported to have lower
visual motor skills but not lower intelligence scores (52), while deficiencies in intelligence,
attention span, auditory language, function and disordered class behavior were reported in two
similar studies (19, 23). However, one of the researchers was investigated for misuse and
manipulation of study data which suggests that these conclusions should be viewed with caution
(98, 99). Another study reported only a small relationship between tooth lead and school
performance (44). This inconsistency of lead related health related effects correlated with long-
term biomarkers was reportedly due to socioeconomic factors, diet, nutrition and interpretation
of behavioral characteristics, which all confound the results and make overall evaluation difficult
(11,41,99).
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From the long-term biomarker study documents reviewed, it also appeared that the use of bone,
tooth, nail and hair biomarkers were not as widely used as PbB monitoring, which is a better
measurement of lead toxicity in children. Instead the long-term monitors of lead were applied
as an alternative monitoring technique during chelation therapy and for studying the distribution
and deposition of lead in the child and adult skeletal system (9, 33, 47, 49, 60, 70).
Specifically, the bone lead studies noted that (1) concentrations of bone lead increase with age,
(2) the turn over of bone lead was relatively slow, and (3) children have less bone lead because
they have less dense bone where lead is primarily stored (6, 8, 10, 16, 17, 68, 69). This
reduced tendency for children to store lead in bone may limit monitoring low level lead
exposures and the identification of related health affects.

When identifying the specific source of lead exposure in infants, children and adults, the
documents reviewed cited leaded gasoline, LBP and food as the primary source of lead intake
and lead toxicity (18, 81, 111, 113). Historically a reduction in PbB concentrations of 80% was
observed due to the elimination of lead soldered cans (113). Similar reductions were reported
in another study that measured a PbB decrease of 72% to 97% for the entire United States
population and selected subgroups when the use of leaded gasoline and lead soldered cans was
eliminated. The primary remaining sources are lead in paint, dust and soil, however, the
individual effect of each of these sources is difficult to identify (111).

It is unclear why the documents on biomarkers were placed in the Administrative Record,
because these documents do not support the 500 ppm proposed cleanup level. They may have
been included to indicate PbB as the preferred and most easily accessible biomarker of exposure.

Bioavailability
Of the lexicological documents reviewed, several documents specifically addressed exposure to
lead in soils (PbS) and the measurement of PbB to identify the lead toxicity and a relationship
of PbB to PbS exposure. These documents primarily described bioavailability of PbS from
mining, milling and smelter sites based on animal study data, and attempted to correlate PbB to
PbS at these sites using various modeling techniques (113). The documents on bioavailability
were likely placed in the Administrative Record to indicate the need to use site-specific data.
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The bioavailability of PbS from mining, milling, and smelter sites was reported to be influenced
by many factors. Age, nutrition, stomach pH, particle size, solubility, and lead species were
all important determinants of lead intake and bioavailability (2, 32, 63, 67, 113). Adults were
reported to adsorb roughly 10% to 20% of dietary lead, and infants/children 8 months to 8 years
old were reported to adsorb 40% to 50% of the total dietary lead intake. However, the
bioavailability of PbS was reported to be lower than the bioavailability of lead from dietary lead
sources due to particle size, solubility, and lead speciation.

The reviewed documents contained bioavailability studies of PbS using animal studies and
modeling studies to simulate bioavailability in mining-derived and smelter-derived PbS. In a
study of Sprague-Dawley rats, the distribution of bioavailable lead from mill tailings was 20%
in blood, 9% in bone, and 8% in the liver. It was also noted that the effect of PbS dose on the
bioavailability of PbS was low, and a weak relationship between PbB and PbS was acknowledged
(113). This finding was consistent with the results of the Butte study of lead from milling
tailings where child PbB mean concentrations were 3.5 Mg Pb/dL.

Similar bioavailability findings were reported in a second rat study using mill tailing particles
less than 100 micrometers (/im) (80). The similarity in findings of these two studies suggests
that the bioavailability of lead in mill tailing particles may not be directly related to particle size
since the smaller particles would be expected to yield greater bioavailability which was not
encountered. However, one study reported that the bioavailability data from rat studies was
deficient due to differences in rat and child metabolism, and suggested that swine are a better
model for correlating bioavailability in children. In a study of young swine, lead in mill tailings
was reported to be more bioavailable (113) than was observed in rats. Using < 100 urn particles
of mining tailings, this study indicated that the form of PbS (lead sulfate) had no affect on
bioavailability, and the bioavailability of mining-derived PbS was equivalent to that of food
(dietary).

Tracer studies and modeling studies of PbS bioavailability were also used to quantify soil intake
and adsorption. Due to tracer method variability, subject-specific differences, inconsistencies,
and interferences of lead from food sources, these studies were approached cautiously, and were
reported to be reliable if the appropriate methodological considerations were taken and resulting
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conclusions evaluated carefully (113). Modeling studies were also used to measure

bioavailability The models incorporated particle size, solubility, and speciation to predict the
bioavailability of PbS. The overall conclusion was that both tracer studies and modeling studies
require further research and site-specific parameters to be accurate in assessing bioavailability
of lead in soils.

In a study of the bioavailability of lead in mining-derived PbS, a relationship between PbB and
PbS was referenced from Steel et. al., 1990, which was not included in the 115 documents
reviewed. From epidemiological studies, the effect of mining-derived PbS on PbB was less than
the effect of urban sites and sites with an active smelter. Specifically, an increase of PbB from
1.1 /xg Pb/dL to 7.6 jig Pb/dL per 1,000 ppm PbS was calculated for an active smelter site
relative to an increase in PbB of 0.0 pg Pb/dL to 4.8 /ig Pb/dL per 1,000 ppm PbS for children
living near mining-derived PbS sites (113). It was not noted whether or not the mining site and
active smelter site PbB to PbS relationship accounted for the contributions of lead in air, dust,
and paint. Therefore, these studies may have actually overstated the relationship of PbB and
PbS (22, 30).

A study of the relationship between PbB and PbS was conducted for children living near an
active lead smelter in Jamaica. In this study of child PbB and PbS, a PbB of 8.6 /xg Pb/dL per
1,000 ppm PbS was calculated. Although this PbB increase was slightly higher than the increase
found in the epidemiological study (1.1 pg Pb/dL to 7.6 /xg Pb/dL PbB per 1,000 ppm PbS),
this study noted that the affects of air emissions, surface dust and LBP were not considered
(113). Furthermore, the researcher reported that increases in PbB from smelter-derived soils
would be different from developed areas due to diet, hygiene, and climate. In Jamaica, children
were likely to engage in outdoor activities throughout the year. Therefore, the PbB to PbS
relationship presented would further overstate the increase in PbB from PbS (113).

A lower PbB to PbS relationship was also supported by the Midvale study where a relatively
lower increase of PbB, 1.25 tig Pb/dL PbB per 1,000 ppm PbS, was modeled for children in
close proximity to a mill and inactive smelter sites. The study findings noted that LBP and not
PbS was the principal contributor to the increased PbB, and the contribution from LBP was
correlated with a PbB increase of 4.0 /xg Pb/dL (113). Additionally, only an indirect
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relationship of PbB to PbS was made with respect to the inactive smelter and mill sites. The
indirect correlation was based on the direct relationship of PbS concentrations which increased
nearer the sites, and incorporating these soil concentrations into a model to predict PbB. In
concluding, the study indicated that the low concentrations of PbB from PbS were due to (1) the
decreased bioavailability of PbS and (2) dietary factors.

In sum, the toxicological documents do not support the proposed 500 ppm cleanup level.
In fact, based on the Midvale Study described above (113), only a slight increase in PbB
(1.25 fig Pb/dL of blood) was associated with a 1000 mg/kg increase in soil concentrations
for this inactive smelter site. If you assume an average background PbB in a child is 5
Mg/dL, then it would require a soil concentration of 4000 mg/kg to reach a PbB of 10 /ig
Pb/dL of blood. The linear relationship may or may not be valid at low soil lead
concentrations. Valid kinetic modeling would be the preferred method of predicting blood
lead levels resulting from these lower exposures. Additionally, the relationship between
PbB and PbS from mining-derived PbS was weak and confounded by variables such as
socioeconomk factors, diet (calcium, zinc and iron), the amount of lead ingested, PbS
bioavailability, and sources of lead other than PbS (air, dust, and LBP).
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4.0 DETAILS OF STATISTICAL/MODELLING ISSUES

A small number of the reviewed documents presented information regarding the various
modeling techniques that may be utilized in assessing lead data and predicting environmental
(soil, air, dust) as well as blood lead concentrations. While these documents present useful
information pertaining to the statistical analysis of lead data, they did not support the
establishment of the 500 ppm soil lead cleanup standard for this Site.

Several of the reviewed papers were authored by Allan H. Marcus, and addressed the various
statistical approaches that can be employed to estimate the relative importance of different
sources and pathways of childhood lead exposure. These methods include the use of structural
equation modeling, physical tracers of source and mass balance equations (95).

Structural equation modeling is used in the estimation of both direct and indirect exposures to
LBP and is often used in cross-sectional field studies to demonstrate the role of LBP as both a
direct (ingestion of paint chips) and indirect (soil, dust air) source of lead exposure. Physical
identifiers of a lead source (i.e. an unusual ratio of stable lead isotopes) provide the basis for
stronger causal inferences to be drawn about sources and pathways of lead exposure (95).

Using these approaches, Marcus found that the relationship of soil to LBP is significant,
estimating that an additional 230 mg/kg of lead in soil was evident at homes where exterior LBP
contained concentrations of lead greater than 1 mg/cm2. In addition, he concluded that exterior
LBP, is a source of lead in soil regardless of air lead point sources being present. This soil then
contributes significantly to the household dust fraction of lead providing a potential exposure for
building occupants (95).

Other modeling issues discussed the use of USEPA's Integrated Exposure Uptake Biokinetic
(IEUBK) computer model which is designed to model exposure from lead in air, water, soil,
dust, diet and paint and other sources with pharmacokinetic modeling to predict blood lead levels
in children 6 months to 7 years old (97). A detailed review of this model is being conducted
by another committee in support of the public comment period review and therefore was not
reviewed in detail for the generation of this document.
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Additional modeling and statistical issues included the study of the relationship of PbB and lead
in air. A comparison of the Goldsmith-Hexter log-log model and the linear total exposure model
(C.R. Angle) suggested that the linear total exposure model should be used for determining lead
concentrations in air versus the Goldsmith-Hexter log-log model because the latter of these two
models does not account for a background concentration of PbB in children (1, 25). Another
study of lead in air suggests that much variability is introduced into the air pathway from lead
in soil, dust, LBP etc. These become confounding variables (i.e. variables that are related to
both the dependent variable and independent variable) and must be considered when establishing
a relationship between environmental lead sources and increases in PbB. This analysis is very
complex and the researchers in this study were not able to make a reliable quantitative estimate
of the relationship between lead in air and PbB in children (26).

These studies, similar to the toxicological studies that were reviewed, reveal the complexity
and variability associated with the analysis of lead data. Based upon this observation,
decisions regarding lead exposure and the potential remedial actions associated with
reduction and/or elimination of that exposure must consider a variety of factors ranging
from scientific to socioeconomic issues. It is noteworthy that the USEPA IEUBK model has
never been published in the peer-reviewed scientific literature although it has undergone
Science Advisory Board review. In addition, no mention was made of other peer-reviewed
models that could be applied in analyzing the data from the IDHP study (96).
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5.0 DETAILS OF SOIL ISSUES

When addressing issues surrounding the remediation of contaminated soils the question of "how
clean is clean?" is relevant. The definition of "clean" encompasses a number of variables which
differ from site to site. Consequently, cleanup levels must be developed on a jite-specific basis
in order to allow for remedial options which are protective of human health and the environment
while remaining cost-effective. The USEPA has suggested that the point of departure for
defining clean soil at residences near the NL Industries/Taracorp Site is a lead concentration of
500ppm(500mg/kg)(112).

For a substance to be considered hazardous, it must have the potential for producing adverse
effects on the health or safety of humans or the environment. It would follow that the driving
force in the development of hazardous waste cleanup levels must be the issue of adverse health
effects or ecological impacts. The health effects presented by exposure to elevated
concentrations of lead are more prominent in children than adults.

Multimedia Issues and Exposure Pathways
The primary sources of childhood lead exposure include LBP, urban soil and dust, drinking
water, and food (2, 4, 32, 71, 72, 74). Sources of lead in soil and dust results from a
combination of environmental factors including: deteriorating LBP, stationary atmospheric
emission sources (such as the non-ferrous metal industry (46)), previous waste disposal practices,
and automobile exhaust (56).

While the measurement of lead in blood provides a good indication of lead exposure, the
variables which contribute to each exposure are much harder to define. This is because lead is
a multimedia pollutant and, as such, the number of children exposed to lead in dust and soil
cannot be separated from the numbers exposed to airborne lead or LBP. One reason for this is
because simultaneous exposures are occurring from these media and secondly because LBP and
airborne lead are primary contributors of dust and soil lead (36, 56, 86). Researchers have
studied various exposure pathways in an attempt to quantify the individual contribution of
multiple lead sources. Several of the papers reviewed attempted to rank exposure sources based
upon their overall contribution to blood lead. Many of the results were able to draw correlations
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(direct or indirect) between exposure sources and blood lead concentrations (12, 20, 29. 38, 43,
71, 72, 74, 90. 93, 95, 102, 104), but a rigid, quantifiable ranking of each source's contribution
must take into account numerous confounding variables making this process complex and subject
to much variation (4, 56, 75, 89).

Environmental Predictors
While the concentration of lead in soil (PbS) may contribute to the concentration of lead in house
dust (PbHD) (5, 43), there are other factors which may contribute more, such as paint. There
are studies that purportedly support a correlation between PbHD and blood lead concentrations
(PbB) (75, 29).

In addition to lead concentrations in paint, dust and soil, there are many other factors
which influence lead concentrations in blood. These include such things as socioeconomic
factors (household income, parental level of education), exposure to cigarette smoke, parental
occupational exposure, and minority classification (12, 21, 43, 110). The significance of such
factors was identified in an evaluation of a study conducted in New Haven, CT where a low
level of socioeconomic status was correlated with increased blood-lead levels (20). This type
of evidence demonstrates the complex nature of identifying and quantifying exposure from
individual sources of lead. Identifying a single, predominant environmental source or
pathway of lead exposure in children with blood lead concentrations of 10-20 pg Pb/dL or
less (which represents the range of PbB levels of children living near the Site (96)), is not
always possible (74).

LBP remains the most common high-dose source of lead exposure for preschool children
even though the use and manufacture of LBP has steadily declined through the 1950s, '60s
and '70s. In 1978 the Consumer Product Safety Commission banned the manufacture of paint
containing more than 0.06% lead by weight on interior and exterior residential surfaces, toys
and furniture. However, LBP is still available for industrial use and may occasionally end up
being used for residential purposes (74). Use of LBP (containing up to 50% lead) was
widespread during and prior to the 1940s (20, 74) when most of the homes surrounding the Site
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were built. This would suggest that LBP may be one of the primary contributors to increased

lead concentrations in residential soil, house dust and blood lead in Granite City, which is also
supported by the results of the IDPH Study (84).

Site-Specific Case Studies
Although exposure to environmental sources of lead contribute to overall PbB concentrations,
the magnitude of this effect varies and may not be responsible for the majority of variation in
child PbB levels. This is evident in two of the studies reviewed. An analysis of data collected
from New Haven, CT concluded that environmental exposures to lead accounted for only 11.7%
of the variation in PbB (20). The study conducted at the NL Industries/TaraCorp. Site, by the
Illinois Department of Public Health found that even when all variables were considered only
37% of the variance in PbB was accounted for. Therefore, the majority of variation in blood
leads at these sites are unidentified.

Variation in the results, and ultimate conclusions, of studies conducted to assess the potential
effects of lead exposure illustrate the intricate nature of evaluating exposure sources and
pathways. Therefore, it is important to use these study results to assist in the decision process
for establishing the best remedial measure for a specific site. To assist with this decision making
process, a three-city study (Baltimore, Boston and Cincinnati) was undertaken in order to assess
the effects of lead source abatement following exposure, rather than assessing exposure to
contamination.

This study, known as The Urban Soil Lead Abatement Demonstration Project (Three-City Study)
was authorized under SARA in 1986 in order to determine whether abatement of lead in soil
could reduce the lead in blood of inner city children. Three coordinated longitudinal studies of
urban children were conducted to evaluate the capability of intervention into the pathway of lead
exposure. This intervention was expected to reduce the children's blood lead concentrations
(90).

Individually, the results of these three studies may support three different conclusions concerning
the feasibility of reducing lead exposure by abating soil. USEPA has presented a collective
review of the results which they feel presents a common picture that places a significant role for
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soil abatement in the total scheme of lead exposure. Others in the scientific community do not
share this review. L jEPA also concluded that the abatement of one source of lead exposure
should be considered only in the context of the other sources present. Without attention paid
to all sources of lead exposure, the abatement of a single source may help to decrease PbB but
this decrease will likely be minimal, temporary and a gross mismanagement of remedial
resources (90).

Development of Cleanup Criteria
Although all of the information discussed in this section provides data regarding the potential
sources of lead, exposure pathways and the correlation of these exposures to concentrations of
lead in blood, it does not present a foundation on which to establish cleanup levels in soil at the
Site. The majority of the references introduced into the NL Industries/Taracorp Site
Administrative Record do not support

USEPA's proposed cleanup level of 500 ppm. One USEPA guidance document suggests a
cleanup range for lead in soil to be set within the range of 500-1000 ppm. However, this
guidance also states that a site may deviate from this range based upon site-specific conditions
(73).

Several of the references reviewed suggested that lead soil concentrations in excess of the
USEPA's guidance for residential soil (i.e. 500-1000 ppm) may contribute an unacceptable level
of health risk via direct or indirect effects on blood lead concentrations (20, 71, 72, 74, 104
105, 112). However, USEPA guidance (OSWER Directive # 9355.4-12) for defining a cleanup
level within this range requires the use of the IEUBK model for soils with lead concentrations
greater than the screening level of 400 ppm. The screening level is not to be viewed as a
cleanup goal. Rather, it is to be used as a tool to determine which sites or portions of sites do
not require further study and to encourage voluntary cleanup. Screening levels are defined as
a level of contamination above which there may be enough concern to warrant a site-specific
study of risks. Levels of contamination above the screening level would not automatically
require a removal action, nor designate a site as "contaminated" (107, 108).
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This USEPA guidance recommends that preliminary remediation goals (PRGs) for lead
contaminated soils be developed using the IEUBK model on a site-specific basis, where site data
support the modification of model default parameters. For some Superfund sites, the use of site-
specific soil and dust characteristics resulted in PRGs that were more than twice the screening
level (107).

The guidance adds that it is more important to note that the model alone does not determine the
cleanup levels required at a site. Additional considerations must include other factors such as
costs of remedial options, reliability of institutional controls, technical feasibility, and/or
community acceptance. Once all of these factors are addressed, higher cleanup levels may be
selected (107).

It does not appear that USEPA has complied with this guidance in developing the proposed soil
cleanup level of 500 ppm. Although the IEUBK model was employed by USEPA in their effort
to establish soil cleanup concentrations, the default parameters were not replaced with site-
specific data with the exception of a calculated soil to dust transport factor which suggested that
70% of the lead content in house dust is attributed to lead in soil (112). This assumption was
not supported by the IDPH study (84).

In conclusion, the documents reviewed do not support the recommendation of a 500 ppm
cleanup level for lead in residential soils as a mechanism for eliminating health risks
associated with elevated blood lead levels at the NL Industries/Taracorp Site. The
information reviewed supports the concept that cleanup levels should be determined for
each Site using site-specific data along with available data analysis techniques and current
toxicological information to estimate a reasonable cleanup level based upon protecting
human-health and the environment. This analysis includes the incorporation of site-specific
information into the IEUBK and other computerized statistical modeling approaches. Once
the proposed cleanup guidance has been developed, it should then be subject to feasibility
evaluation by the scientific, regulatory and public communities which will be affected by
its implementation. The consideration of health-related, economic, social and scientific
factors must be weighed prior to finalization of any cleanup standard in order to determine
the most technically prudent and cost-effective remedial action for the Site.
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EXHIBIT B

REVIEW OF THE MADISON COUNTY LEAD EXPOSURE STUDY
AND RELATED DOCUMENTS

January 12, 1995

The ChemRisk* Division of McLaren/Hart Environmental Engineering Corporation
(McLaren/Hart) reviewed the February 1994 Madison County Lead Exposure Study prepared
by the Illinois Department of Public Health (Exposure Study), the May 1994 "Comments" by
Allan Marcus et al. (USEPA Comments), the July 1994 memo from LeVois to Long responding
to the USEPA Comments (the LeVois Response), and the October 1994 "Preliminary
Assessment of Data from the Madison County Lead Study and Implications for Remediation of
Lead-Contaminated Soil" by Allan Marcus (the Marcus Reassessment). This review centered
on identifying the main issues for discussion, commenting on study design and analysis issues
in general and with specific reference to particular documents, and providing some
recommendations for additional analyses that could be performed in the future to more clearly
answer what are believed to be the relevant questions.

Conclusions of the McLaren/Hart Review

A number of conclusions can be drawn regarding McLaren/Hart's review. The most noteworthy
are:

• The study was considered of high quality and all conclusions reached in the Exposure
Study were supported by the data and the statistical analyses performed.

• Strong rebuttals were made to the majority of criticisms made in the USEPA Comments.

• McLaren/Hart answered the three key questions posed in the beginning of that report as
follows:

"Based on the analyses performed in the original study and barring changes in
interpretation due to additional treatment of the data:"

The lead levels in children's blood in the Madison County study area do QOJ
indicate an imminent public health problem.

Soil remediation is not likely to significantly reduce blood lead levels in children,
in general.
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Soil remediation is not likely to significantly reduce blood lead levels in children
with "elevated" levels of blood lead.

Main Issues

McLaren/Hart believes that the Exposure Study and commentaries should have focussed on
answering three main questions relevant to the public health issues surrounding cleanup in the
vicinity of the NL Industries/TaraCorp Superfund Site:

(1) Do lead levels in children's blood indicate an imminent public health problem in the
Madison County study area?

(2) Is soil remediation likely to result in reductions in children's blood lead levels in general?

(3) Is soil remediation likely to result in reductions in blood lead levels among those children
with "elevated" levels (i.e., greater than 10 /ig/dl)?

The key to answering these questions is data interpretation. Because of the complexity of the
relationships among biological measures, environmental measures, behavioral factors, and
socioeconomic factors, there is heavy reliance on specialized statistical techniques to interpret
data collected in the Exposure Study. As evidenced by the Exposure Study, USEPA comments,
the LeVois Response, and the Marcus Reassessment, choice of appropriate statistical techniques
and scrutiny of their results are not straightforward matters. In some cases, however, the
exchange of expert opinion on which analyses approach to use failed to center on the issues of
primary importance in evaluating soil cleanup options.

Exposure Study Design Issues

It should be noted that a study requiring voluntary consent and participation is much more
difficult to conduct than a controlled laboratory study involving a random sample from some
population. During this review there were no serious unavoidable problems in recruitment or
participation found within the Exposure Study. The researchers have done as well as possible
given the many limitations encountered with studies of this type. The Exposure Study's data
analysis is sensitive to study design limitations. However, when interpreting and attempting to
generalize the study results, it is important to remember that the study participants do not
represent a random sample from the community.
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It is a clearly a matter of disagreement whether the nonsampled proportion of the population
would likely have similar, higher, or lower blood lead levels than the study participants. In the
Exposure Study it is argued that recruitment was concentrated in areas where highest smelter-
related exposures were expected. The USEPA Comments suggest that exposures and/or blood
lead levels are likely higher among the nonsampled population than among the studied
population. It is impossible to resolve this question without understanding the characteristics of
the nonparticipants within the study area. Therefore, if generalizing to the community is
important, then some demonstration is required that the participants are similar to or different
from the nonparticipants as defined by variables in the study (e.g., housing condition,
demographics, soil lead levels, etc).

Evaluation of Regression Analyses in the Exposure Study

In general, the presentation of regression results in the Exposure Study is somewhat incomplete,
and there are some analyses not presented that could be informative. First of all, more emphasis
on evaluating the hierarchical regressions as opposed to the stepwise regressions is suggested.
The latter are simply the result of numerical optimizations; the former are designed using
scientific beliefs about the process at hand.

The point demonstrated by Table 11 in the Exposure Study is that the addition of soil
concentration to the predictive model for log blood lead in children once paint lead and house
condition are included allows explanation of only 3 percent more variance in log blood lead.
While this is important information, certainly additional questions could be posed and answered,
such as what percent of variance is explained upon adding lead in paint and condition of
residence when soil composition is in the model? A statement in the Exposure Study abstract
says that 11 percent of variance in blood lead is accounted for by lead in paint and condition of
houses together; this may be the answer to this question but this is not clear.

Inclusion of some regression diagnostics would be very helpful for those attempting to interpret
the analyses. From the information provided, there is no way to verify that the regressions were
well-behaved and satisfied the required assumptions. This could also be readily addressed in a
revision of the study results.
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Within the various documents, there is a debate regarding the importance of age in the analyses.
It appears that age is a proxy for exposure and is not pathway-specific (i.e., not specific to paint
or soil). Therefore, it should be included somehow in the modeling, either as a continuous or
categorical predictor, and using a nonlinear form as necessary because behavioral information
would suggest a non-monotone relationship between exposure potential and numerical age.

The Exposure Study does not include terms for interactions among variables within the
regression models. Some potential informative interactions might include those between soil and
paint lead levels and also between age and soil and/or age and paint to account for some of the
age-dependent exposure that is expected.

The USEPA Comments and the Marcus Reassessment concentrate a great deal on distance from
the Site smelter as a predictor. Distance from the smelter as measured in the Exposure Study
and as used by USEPA is a crude predictor. A better representation would take lead fate and
transport issues into account rather than simply raw distance as estimated from a map. Distance
in some form may be a proxy for indirect exposure to the Site lead, but as pointed out in the
LeVois Response to USEPA's Comments, use of distance in the modeling is a minor
consideration when actual soil data is available. Also, it must be recognized that distance, even
if considered in an ideal fate and transport sense, could not be a complete exposure proxy
because children do not reside exclusively at any particular distance from the Site.

Is there a public health problem?

It would appear that determining whether there is a public health problem with blood lead in
children depends on the population of interest and the definition of "problem." Focusing on the
studied population, it would appear that there is not a problem with average or typical blood lead
levels. Means (arithmetic and geometric) for blood lead levels are at an acceptable level (i.e.,
less than 10 ng/d\) within the studied population, even among those children whose soil lead
exceed the 500 ppm proposed cleanup level. Because the study population is not a random
sample from the community in general, extending these results beyond the studied population
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is questionable; however, if one accepts that the population fraction not studied is essentially
similar to the studied population, then one can infer that average or typical blood lead levels do
not indicate a significant risk at the community-wide level.

USEPA raises the concern in their comments that more than 5 % of children have blood lead
levels exceeding 10 ng/dl. This is an issue regarding the extreme values or tails of the
distribution. There would be two main ways to mathematically achieve a distribution with only
5 percent of the values exceeding 10 /ig/dl: reducing the mean while keeping the variance
constant (i.e., shifting the distribution to lower values while retaining essentially the same
shape), or reducing the variance while keeping the mean constant (i.e., tightening the distribution
around the existing mean). We know from the low R2 in the various regression models that
behavioral and/or completely unmeasured (and potentially unmeasurable) factors-not
environmental lead levels either in paint, soil, or water-account for the overwhelming fraction
of variance in children's blood lead levels. Recognizing thus that soil remediation is unlikely
to substantially affect the variance in blood lead levels, in order to meet the USEPA target, the
entire distribution of blood lead levels would need to be shifted towards lower values. There
is likely little clinical public health benefit in lowering the mean blood lead level among Madison
County children. A better use of resources would be to target and identify those factors which
result in blood lead levels near or exceeding clinically significant values. Neither the Exposure
Study nor the Marcus Reassessment demonstrates conclusively that soil remediation could result
in lower blood lead levels among children with levels exceeding 10 jtg/dl.

Another important consideration about meeting the USEPA target is whether the assumed
lognormal model for blood lead concentrations is appropriate. The range that variables can take
within the lognormal model is from 0 to infinity. While 0 is a plausible lower bound, an
unconstrained upper bound is certainly not plausible from a biological perspective. As the
amount of data increases, the fact that biologically implausible extreme values do not occur
becomes evident. The failure of the heavy-tailed lognormal model to provide a good fit to the
tails of the "real" data can thus become a problem. This may be an important consideration in
light of Figure 18 in the Marcus Reassessment which presents cumulative distributions of
predicted and observed log blood lead concentrations. Note that while the predicted and
observed values tend to align well for the central 60 percent of the data, the upper and lower
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20 percent are fit much less well. Concentrating on the upper tail, the portion of the data of
most concern to USEPA, note that the predicted values for the upper 20 percent of the data all
exceed the observed values, suggesting that the lognormal model may indeed be too heavy-tailed
for these data. At the 95th percentile, blood lead levels are overpredicted by the model by about
4 /ig/dl or 25 percent; at the maximum, the overprediction is about 70 /xg/dl, more than 100
percent of the observed maximum! The lighter-tailed and constrained Weibul model may
provide a better fit to these data than the lognormal which clearly is poor in fitting the tails.
Alternatively, since it is the extreme values which are of concern, perhaps the modeling should
be restricted to the upper tail values using established statistical extreme value models.

In the Marcus Reassessment, Section 3.2, it is stated that assuming a 70 percent soil-to-dust
coefficient in the IEUBK lead model results in a very good fit to the Madison County blood lead
data. Two comments can be made regarding this statement. First, "very good fit" is a
subjective judgment. If the fits were perfect, then the points within Figures 19 and 20 would
all fall on a line with unit slope. That is, predicted values would exactly equal observed values
in each case. Instead, in Figures 19 and 20 we see a cloud of points with perhaps a visually
perceptible positive slope, but certainly not a strong relationship along the unit slope line
sketched into each plot. Second, even if there were a "very good fit," this fact alone would not
strongly support the 70 percent soil-to-dust coefficient being correct in the IEUBK model. The
value of this coefficient could merely be compensating for some other poorly understood, non-
modeled, or misspecified parameter within the model. That 70 percent gives the best fit under
the circumstances does not mean that 70 percent is the true value.

Recommendations for Additional Analysis

A wealth of data was collected in the Exposure Study and analyzed effectively for the purpose
of characterizing lead levels in Madison County children and understanding environmental
contributions to lead exposure. For answering the critical questions with respect to a soil
remediation decision, there remain several types of analyses that could exploit the existing data.
A few of these are suggested below:
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We endorse the suggestion in the USEPA Comments to examine the data using structural
equation modeling (i.e., path analysis). This is not viewed as a necessity, but should be
considered if additional analyses are planned. This approach is a method of evaluating a
network of dependent relationships and thus would be quite appropriate for handling the
intermeshed predictors of blood lead concentration measured in the Exposure Study. In this
case, we have exposure pathway models that could be built and tested; the diagram in the
USEPA Comments is one potential structure. Structural equation modeling could check
sequential, model-based significance of many of the measured variables. Advantages of the
technique include its ability to disconfirm hypothesized models and the ability to employ so-
called latent variables that condense information and increase model generality. Potential
problems with applying structural equation modeling in this setting include that the models are
complex and data-intensive. While complexity may be required to understand truly complex
situations, in the event that a plausible model can be developed it does not implicitly affirm
causal relationships or overall validity or reliability of the modeling approach.

It is recommended that any additional analysis should (a) include/allow/evaluate statistical
interactions among variables; (b) control/include age as a proxy for exposure; (c) use fate and
transport modeling, not just distance, to represent indirect exposure to lead from the Site.

There may be some value in analyzing separately the data from children with blood lead levels
greater than 10 /ig/dl to evaluate how important lead in soil and paint are to their blood lead
levels. If statistical modeling cannot demonstrate a strong significant relationship between soil
lead levels and blood lead levels among this group that might benefit most from reduced blood
lead levels, then there is little chance that remediating soil will produce a health-benefitting
reduction of blood lead levels in any segment of the Madison County child population. To
evaluate sensitivity of the coefficients for predictor variables developed in this modeling,
membership of the group could be expanded in 1 pg/dl increments downward.

Finally, a statistical test of whether blood lead levels differ as a function of age could be
enlightening, both as part of the above-suggested analysis and using the full dataset.
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Conclusions

(1) Even though additional statistical analyses have been suggested for consideration
throughout this review, the Exposure Study is considered to be of high quality.

(2) All nine conclusions reached in the Exposure Study (page 53 and 54 of the Exposure
Study) are supported by the existing data and data analyses performed.

(3) A number of the comments made and analyses conducted by the USEPA are not
appropriate.

(4) Based on the analyses performed in the Exposure Study and barring changes in
interpretation due to additional treatment of the data, the three main questions identified
at the beginning of this report can be answered as follows:

• The lead levels in children's blood in the Madison County study area do not
indicate an imminent public health problem.

• Soil remediation is not likely to significantly reduce blood lead levels in children,
in general.

• Soil remediation is not likely to significantly reduce blood lead levels in children
with "elevated" levels of blood lead.
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January 13, 1995

NL Industries/Taracorp Site, Granite City, Illinois: Comments
Addressing The USEPA's Use Of The IEUBK Model To Justify 500

PPM/Pb Soil Clean-Up Level

By:

Morgan, Lewis & Bockius
2000 One Logan Square

Philadelphia, PA 19103-6993

BACKGROUND

In March of 1990 the United States Environmental

Protection Agency ("EPA") issued a record of decision for the NL

Industries/TaraCorp site in Madison County, Illinois requiring a

residential soil clean up level for lead of 500 ppm. In August

and September of 1991, the Illinois Department of Public Health

conducted a survey of blood lead, soil lead and lead in indoor

dust, as well as other pertinent behavioral and sociological

factors, for a sample of children under the age of 6 living at

various distances from the site, a draft of which was released in

February of 1994 (the "Study"). In May of 1994, EPA reviewers,

headed by Allan H. Marcus, issued a report entitled "Comments on

Madison County Lead Exposure Study, Granite City, Illinois" (the

"Comments"), criticizing many aspects of the Study. Subsequently

the EPA, through Marcus, issued a document entitled "Preliminary

Assessment of Data from the Madison County Lead Study and

Implications for Remediation of Lead Contaminated Soil" (the

"Preliminary Assessment"). Without supporting technical details,

this document asserted that the EPA Integrated Exposure Uptake
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Biokenetic Model for Lead ("IEUBK Model"), as applied in light of

the site specific information gathered in the Study, supported

the proposed soil remediation level of 500 ppm.

The following comments point out the major flaws in the

EPA's assessment of the Site and use of the IEUBK Model to

justify its 500 ppm clean up level.

GENERAL CONCLUSIONS

The critical and major point in this critique is that

the Study does not demonstrate that the NL/TaraCorp site

contributes today to elevated blood lead levels or soil lead

levels in the subjects tested, because these levels are no higher

than would be expected for a comparable, comparison urban

neighborhood. Good science dictates that the agency first

identify a reasonable "control" or background level in order to

understand whether there are in fact "elevated" levels detected

by the surveys. Moreover, the EPA has not demonstrated that a

reduction of the soil lead in this area to 500 ppm would result

in a significant reduction of childhood blood leads. Indeed, the

EPA's course is contrary to the conclusions of the Study, which

states that "[e]liminating a variable such as soil that accounted

for only 3% of the variance [in blood leads] may only result in a

minimal change in measured blood lead levels without any clinical

significance." Study at 49.
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SPECIFIC COMMENTS

1. HAS IT BEEN DEMONSTRATED THAT THE SITE CAUSED
CURRENT LEAD LEVELS?

There appears to be some confusion over the EPA's goal

in setting a 500 ppm soil remediation level at this site. Is the

agency trying to justify this clean up because lead from the site

contributed to elevations in blood and soil lead in this

neighborhood today, or is EPA simply justifying the clean up

because these levels are elevated over the EPA's "ideal,"

regardless of source? If the latter is the goal, then how can

the EPA justify requiring the private parties associated with the

site to fund the clean up?

The EPA's stated "ideal" is to have soil lead below 500

ppm and blood leads of 95% of children under 6 years of age below

10 pg/dl. It is highly unlikely that any industrial, urban area

with older housing would meet that ideal today. Urban areas

generally have higher lead levels because of their history of

heavy truck and automobile traffic (lead gasoline residue), older

housing (lead paint) and various industries. The EPA might make

a policy determination to clean urban soils to 500 ppm, but

considering the numerous potential sources of lead in the urban

environment, they should be required to prove the source before

ordering private parties to fund the clean up. For example, the

Study found that for houses with soil leads above 500 ppm the

geometric mean outdoor paint lead level was 8.6, but for houses

with soil leads less than 500 the mean outdoor paint lead was
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3.0. This suggests that outdoor lead paint contributes at least

in part to elevated soil readings.

2. CONSIDERATION OF AND THE FAILURE TO IDENTIFY
APPROPRIATE BACKGROUND LEVELS

The Study indicates that it was unable to find an

appropriate "control" population similar to the Study population

in all respects except for the presence of the site. Thus, none

of the documents reviewed use actual soil, dust and blood lead

data from a control group. There is no meaningful background

against which to compare the soil leads and the blood leads to

determine if the site had any effect above background. It seems

as if a comparable urban area should exist from which actual

samples could be taken, perhaps in a nearby city.

In the absence of true background testing, the EPA has

not proved that lead levels in this neighborhood are elevated

over expected background. The blood leads in the Study were in

keeping with national averages for urban children. In

determining whether the presence of the site has caused elevated

blood lead levels in children in Granite City, the EPA

unrealistically compares the data from the Study to the EPA's

ideal situation - i.e. 95% of children under 6 with blood leads

less that 10 yg/dl. In the Study as a whole 16% of the 490
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children tasted had blood leads over 10 pg/dl.i' The data from

the Study are quite consistent with blood lead levels found

nationally in children in urban areas as reported in the NHANES

III dataset, in which 16.4% of children had blood leads exceeding

10 pg/dl in urban areas of less than one million. Since the

percentages are virtually identical, there is no evidence that

the presence of the site has had the effect of elevating

childhood blood leads in Granite City today, as EPA claims.

Likewise, soil levels do not appear to be much higher

than would be expected in a comparable urban area. In the Study

375 soil samples were analyzed, with a mean of 450 ppm and a

range from 37 to 3,010 ppm. Study at 33. The Study states that

this is "above background levels," comparing to asserted

"national" average soil levels of less than 1 to 200 ppm. The

use of the "national" average hardly seems a realistic or fair

comparison background level for an urban area. A "national"

average is generally recognized as being skewed downward by the

inclusion of rural and suburban areas. In the absence of actual

background data, these soil levels must be compared to similar

urban areas with like amounts of lead paint, traffic patterns and

other industry. For an urban area such as Philadelphia, for

I/ The EPA claims in its Comments that the "downwind" area with
the highest potential deposition from the smelter had 26% of
children over 10 fjg/dl (10 out of 39). However, this
analysis is not done in the Study and there is no data to
support selection of the downwind area. All other areas
have less than 16% of the children over 10. However, it is
certainly not indicated that the EPA seeks to limit its soil
remediation only to the downwind area.
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example, a mean of 450 ppm would be below the "background" level

and cleaner than many sections of the City where there is aging

housing stock with deteriorating lead paint inside and outside, a

history of traffic and the effects of a variety of other

contributing sources, such as incinerators, sandblasting, etc.

3. SOCIOECONOMIC STATUS AND CONDITION OF HOUSING

The EPA does not account for the effect on blood lead

levels of socioeconomic status and condition of housing, but at

least by implication concludes that elevated blood leads are due

to soil. However, the Study found that "[a]s distance from the

smelter increased, the conditions of the houses improved, fewer

houses had peeling paint and most houses were owned rather than

rented. Furthermore, the education level of the parents

increased, the number of smokers and the amount of smoking

decreased, the use of air-conditioning increased and other

behavioral variables also changed with distance." Study at 45.

The Study also found that "[b]uilding condition was one of the

better predictors of blood lead in this population." Study at 39.

Thus, children living in residences in "good" condition had

average blood leads of 6 ^ig/dl, while children living in

residences in poor condition had a mean blood lead level of 11.8.

The EPA's own documents recognize that socioeconomic

status and housing condition can play a large part in childhood

blood lead levels. "The blood lead levels of two children with
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identical lead exposure scenarios, but living in different family

behavior patterns might vary greatly. The difference in

socioeconomic status might be reflected in differences in

household repair and cleaning, washing of children's hands and

toys, food preparation methods, concern for balanced meals and

improved nutritional status, more regular eating patterns, etc.,

all of which may impact blood lead levels." Guidance Manual

§ 4.5.3.2. Therefore, if these factors have a significant

influence on blood lead, then they might account for any

appearance of higher blood leads closer to the smelter.

Likewise, if these are the true causes of any elevations in blood

lead, then remediation of soils alone is unlikely to have a

significant effect in reducing blood leads.

4. DEVOTING RESOURCES TO EDUCATION

The Study followed up on those children found to have

blood leads over 10 ̂ g/dl and provided counselling parents on

pathways of lead exposure. These children were retested

periodically and showed "a marked and persistent decline in blood

lead levels." Study at 51. The EPA criticized this follow-up on

the ground that it was not a scientific testing of the hypothesis

that education and counselling can reduce blood levels. Comments

§ 1.3. Rather than dismissing the potential effectiveness of

this approach, the EPA should investigate this alternative, which

has the benefit of working regardless of the source of the lead
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(i.e. soil or lead paint), being less expensive and being less

disruptive of the neighborhood. Counselling and education have

been used successfully at the Bunker Hill site, for example.

5. USE OF THE IEUBK MODEL IS CONTRARY TO EPA GUIDANCE

The EPA's use of the IEUBK model to set a 500 ppm

clean-up level for residential soils is contrary to the EPA's own

guidance on the use of the model. The EPA's Guidance Manual

states that use of the model to assess trigger levels for soil

abatement at the community, regional or state level "is

discouraged, because risks cannot be estimated adequately."

Guidance Manual at § 4.5.2.4.

6. THE MODEL IGNORES LEAD PAINT

In the public hearing on October 25 and 26, 1994 EPA's

representatives admitted that they did not include lead paint in

their application of the model. Transcript 10/26/94 at 27, 30

("if we were to add paint in, the children should be given

greater amounts of the lead.") The EPA's Guidance Manual

cautions against indiscriminant use of the model in areas with

lead paint. "If household lead-based paint contribution is

highly variable in a community, care should be taken to avoid

combining all homes in a single run of the IEUBK Model, as the

output results may not be applicable to the population. . . .

Children can eat chips or strips of deteriorating lead-based
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paint directly from painted surfaces, even when the total area of

lead-painted surfaces is so small that the total contribution of

lead-based paint to interior household dust or exterior soil is

to small to identify." Guidance Manual § 4.5.3.2.

The EPA cannot justify its position that its model,

which attributes lead intake to soil, compares favorably to the

real data from the Study because the Study participants were

exposed to lead paint which the EPA did not account for. It is

known that the area studied contains a significant amount of lead

paint and at least some of the housing is in poor condition. The

Study notes some extremely high and irregularly distributed dust

levels, including a maximum value of 71,000 ppm. This suggests a

lead paint contribution to some house dust. Therefore, a

substantial portion of the measured blood leads must be caused by

lead paint.-' The EPA's model ignores the contribution of lead

paint, thereby overpredicting the magnitude of the contribution

from soil. Consequently, lowering the lead in the soil will not

lower the blood leads to the same degree asserted by the EPA.

£/ The comments by the Chemrisk division of McLaren Hart point
out that the model overpredicts blood leads to a greater
degree as it moves toward the upper percent of the data, so
that at the 95th percentile blood lead levels are
overpredicted by 4 /jg/dl. Chemrisk at 6. Since the EPA's
goal is to bring the upper percentile children down under
10, if it is overpredicting the blood leads of the upper
percentile children, then it is also overpredicting the
amount by which soil lead levels would have to be decreased
in order to bring these upper percentile children under 10.
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7. SOIL LEAD TO DUST LEAD CONCENTRATIONS

The EPA's Preliminary Assessment section 3.2 states

that it assumes a 70% soil to dust coefficient, which is

understood to mean that 70% of the lead in outdoor soil would be

transported into indoor dust. The lead that is taken up by

children under the model comes largely from house dust. Thus, if

the EPA is wrong about the proportion of lead in soil that goes

into house dust, then reduction of the soil lead will not have as

great an effect on blood leads as predicted by the model. The

EPA's Science Advisory Board Review of the IEUBK Model dated

March of 1992 ("SAB Report") emphasized the that different

communities may have higher or lower uptakes from the identical

levels of soil lead and that an important factor explaining that

difference could be a different "soil-to-interior dust

relationship" in different areas. SAB Report § 3.5.2. The model

presumes that the majority of a child's lead intake is from dust

and that the importance of outdoor dust is in its contribution to

interior soil. Therefore, the accuracy of the factor used to

translate exterior soil levels to interior dust levels is

absolutely crucial to the accuracy of any model predictions.

The Guidance Manual notes that although the default is

presently set at 0.70, "[t]he user is cautioned, however, that

the contribution of soil to dust concentration varies greatly

from site to site, and site-specific soil and dust data should be

collected for use in the model." Guidance Manual at 2.3.43. The
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manual notes an extremely wide range of variation in the soil to

dust ratio at sites studied by EPA:

In sites where soil-to-dust coefficients have been
measured and where paint does not contribute
greatly to dust, the range was from 0.09 to 0.85.
Among the sites where soil-to-dust coefficients
have been measured are the following: East Helena,
0.85 (0.81 and 0.89); Midvale, 0.70 (0.68, 0.72);
Butte, 0.26; and Kellog, 0.09. Recent data
suggest that the coefficient decreases over time
at some sites where major sources of soil lead
deposition are no longer active.

Id (emphasis added). EPA's Technical Support Document supports

a ratio of 28%, based on the EPA's January 1991 Draft of its

Research and Development; Technical Support Document on Lead

prepared for the Office of Solid Waste and Emergency Response.

"Davis et al. (1990) measured the concentration of aluminum and

silicon in soil and indoor dust and found the dust/soil ratios

for both metals to be 0.28. Assuming that indoor aluminum and

silicon are derived entirely from transport of soil into the

house, these data support a conversion factor of 0.28 [Pb Dust =

.28 x Pb soil]." Technical Support Document p. 3-22.-' Note,

we do not intend to adopt the ratio of 0.28 as being correct.

Instead, we question how EPA can support the use of 0.70.

Indeed, it is questionable that the EPA relies on a

standard conversion calculation to estimate house dust when

actual house dust data was available from the Study. This data

demonstrates that interior dust does not bear a straight line

relationship to soil levels. TRC points out that in many cases

Note that this document is a draft marked "do not cite or
quote."
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the actual dust leads exceeded outdoor soil leads, suggesting a

large contribution to indoor dust from another source, most

likely lead paint. TRC at 9. Indeed, if lead paint is the

primary source of the house dust, then the modeling exercise

itself would be invalid. If the predictions of interior dust

from exterior soil are invalid, then remediation of the soil will

not have the effect on blood leads asserted by the EPA. To the

contrary, this dust data suggests that a focus on cleaning

interior dust and cleaning up deteriorating lead paint would have

a greater effect in reducing blood leads.

8. THE EPA HAS NOT USED THE BEST SCIENCE TO EVALUATE
THE SOURCE OF THE LEAD FOUND IN THE SAMPLES

A limited study to speciate the lead found in the dust

and soil samples should be conducted to assess with more

precision and scientific certainty the true source of the lead

which has been found in the surveys. There is good reason to

believe that were such a study conducted, it would reveal that

elevated lead levels in house dust are due primarily to

deteriorating lead paint. The model presumes that the primary

pathway to lead exposure for young children is house dust.

Therefore, funds would better be spent on addressing lead paint

abatement to diminish house dust levels rather than a proposal to

dedicate millions of dollars to reduce soil levels already below

the likely urban average to an unnecessarily and artificially low
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number, while not addressing the true sources of the lead in the

likely pathways of children.

James D. Pagliaro
Suzan DeBusk Paiva
David G. Butterworth
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PUP COMMITTEE FOR THE NL INDUSTRIESyTARACORP SITE

January 13, 1995

BY CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Ms. Susan Pastor
Community Relations Coordinator
Office of Public Affairs (P-19J)
U.S. EPA, Region 5
77 West Jackson Boulevard
Chicago, Illinois 60604

Contact:

Louii F. Bonacorsi
Jo«aph G. Naciif
Coburn t Croft
Suite 2900
On* Mercantile Center
St. Louie, Missouri 63101
(Phone) (314) 621-8575
(Fax) (314) 621-2989

Dennii P. Reii
Sidley t Austin
One Firit National Plaza
Chicago, IL 60603
(Phone) (312) 853-2659
(Fax) (312) 853-7036

Re: NL Industries/Taracorp Superfund Site
Granite City, Illinois
Comments on the October 1994 Propcc*^

Dear Ms. Pastor:

This document is submitted for inclusion in the Administrative Record for the
NLIndustries/Taracorp Superfund She in Granite City, Illinois by AlliedSignal Inc., AT&T Corp., Exide
Corporation, Gould, Inc., Johnson Controls, Inc., and NL Industries, Inc. (the Tarties"). The document
summarizes and draws conclusions firom the following documents, which, except for document number
6, are also attached

1. The Granite City Lead Exposure Dataset: IEUBK Modeling and Evaluation of Soil
Lead as a Risk Factor, by TRC Environmental Corporation (TRC"), 1/6/95 (hereinafter
TRC Report");

2. NL Industries/Taracorp Site, Granite City, Illinois: Comments Addressing the
USEPA's Use of the IEUBK Model to Justify 500 ppm/Pb Soil Clean-Up Level, by
Morgan, Lewis & Bockius ("MLB"), 1/13/95 (hereinafter "MLB Comments");

3. NL Industries/Taracorp Site, Comments to Proposed Plan, by McLaren/Hart
Environmental Engineering Corporation ("McLaren/Hart"), 1/12/95 (hereinafter
"McLaren/Hart Comments on Proposed Plan"), including:

a. Review of Public Record Documents for the NL Industries/Taracorp Site, by
McLaren/Hart, 1/12/95 (hereinafter "McLaren/Hart Record Review"); and
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b. Comments on the Madison County Lead Exposure Study and Related
Documents, by McLaren/Hart, 1/12/95 (hereinafter "McLaren/Hart Comments
on Exposure Study");

4. Comments on Exposure Study by Dr. Ellen J. O'Flaherty, 11/22/94 (hereinafter
"OTlaherty Comments");

5. Remedial Cost Analysis, Granite City Lead Site, by REACT Environmental Engineers
("REACT"), 1/12/95 (hereinafter "REACT Cost Analysis"); and

6. Summary Report, Evaluation of USACOE Remedial Action Program, Granite City, EL,
by Earth Sciences Consultants, Inc. ("Earth Sciences"), 1/13/95 (hereinafter 'Earth
Sciences Report").1

Back ground

On March 30, 1990, the United States Environmental Protection Agency ("U.S. EPA")
issued a Record of Decision for the NL Industries/Tancorp Superfund Site in Granite City, Illinois
("Site"), which required the cleanup of property once housing a secondary lead smelter that ceased
operating in 1983, as well as surrounding commercial and residential property. Relying solely on a
guidance document issued shortly before,3 in its January 10, 1990 Proposed Plan for the Site, U.S.
EPA set the residential soil cleanup level at 500 ppm lead in soil Despite comments addressing U.S.
EPA's illegal reliance on a guidance document for setting residential soil cleanup levels, the lack of
evidence in the record supporting the level, and evidence supporting a significantly higher cleanup
level, U.S. EPA maintained the residential soil cleanup level at 500 ppm in its Record of Deciaion. The
Parties, now defendants in an action by the United States to enforce the terms of a November 27,
1990 administrative order, have offered to perform the cleanup required by the Record of Decision, but
have declined to clean up to a level of leas than 1,000 ppm lead in soil based on their review of the
rationale presented in the Record of Decision and all extant scientific evidence.

At the time of the Record of Decision, no health study had been conducted in the area
of the Site. As a result, no site-specific data existed on which to base the need for a cleanup. As part
of their good faith offer to perform the cleanup required by the Record of Decision, the Parties also
offered to perform a health study. While U.S. EPA refused to entertain the offer, it did commission
the Agency for Toxic Substance and Disease Registry ("ATSDR") to perform a study similar to that
proposed by the Parties. Nevertheless, U.S. EPA stated that it would not allow the results of the
study to influence its choice of remedies at the Site. The following comments expressly request U.S.

1 The Earth Sciences Report is included with the City of Granite City's comments.
2 The first U.S. EPA guidance on soil lead cleanup levels was entitled Interim Guidance on

Establishing Soil Lead Cleanup Levels at Superfund Sites (OSWER Dir. * 9356.4-02,1989).' It has
been superseded twice since its use at the Site, but U.S. EPA has not placed in the record to date any
explanation addressing whether the newer guidances should result in a different soil cleanup level We
presume that the decision document entered after the close of the comment period will address the
current guidance. Nevertheless, we continue to note that overreaching reliance on a guidance in
rendering an administrative decision can rise to the level of illegal niUmairing if U.S. EPA fails to
evaluate site-specific evidence in an even-handed manner. McClouth Steel Products Corp.
838 F.2d 1317 (B.C. Cir. 1988).
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EPA to reconsider its 1990 decision based not only on the information it refused to consider in 1990, J
but also on the results of the "Madison County Lead Exposure Study, Granite City, Illinois'
(hereinafter "Exposure Study") and what has been learned about the contribution of lead in soils to
lead body burden in the interim. They further request U.S. EPA to realistically evaluate its use of the
IEUBK model in reaching decisions about soil cleanup levels. Even when properly calibrated, it is only
one tool for evaluating the potential health effects of lead contamination. Nevertheless, even the
IEUBK model suggests in the present case that the massive soil removal demanded by U.S. EPA will
not significantly affect blood lead levels.

Results of the Exposure Study

The final version of the Exposure Study has not been released. However, the Parties
reviewed the draft Exposure Study during the ATSDR comment period and did not submit comments
because they believed the study ultimately adequately addressed the status of the children in Granite
City. The results of the Exposure Study indicate that any significant increase in childhood blood lead
levels in the area of the Site are directry attributable to the age of the housing stock and the
accompanying problems with lead-baaed pigments in interior and exterior paint. In fact, the blood lead
levels in the community closer/ match those of a similarly situated community.

U.S. EPA did submit comments which took issue with many of the methods and
conclusions summarized in the Exposure Study. The Parties have reviewed U.S. EPA's comments.
The documents attached to this summary, as well as those produced by the Exposure Study's authors
in response to the comments, indicate that the comments generally demonstrate either a lack of
understanding of the study or a failure to understand the use of statistical and analytical tools as
applied in the study. Unfortunately, they also indicate a preconceived notion that soil cleanup levels
for lead should be less than 500 ppm, no matter what the scientific data developed across the nation at
various lead sites may indicate and no matter what those scientists who have worked as public servants
or scholars and have followed such issues for the better parts of their careers may say. For purposes
of the following discussion, the Parties assert that the conclusions of the Exposure Study are
essentially correct. The conclusions reached by the Exposure Study and the documents attached to
these comments conclude that it is not onry unnecessary from a health viewpoint to undertake the
cleanup as envisioned by U.S. EPA, it is also a waste of time and money.

es of Attached Doc"mgiita

The documents attached to this letter are briefly summarized below. The documents
should be consulted for more detail

1. The TRC Report

The TRC Report analyses the Exposure Study, the use of the IEUBK model to
successfully account for the blood lead distribution found around the Site, and the U.S. EPA critique of
the Exposure Study. The authors conclude that the blood lead levels found at the Site are related
most strongly to housing condition. The housing condition influences blood lead levels to the extent
that many of the older residences are coated with paints which utilized lead-based pigments. These
paints contribute to house dust which, in turn, is ingested by children. Not surprisingly, the blood lead
levels in the area are consistent with the recent data compiled in the NHANES ffl data set for similar
communities, which also typically contain older housing stock subject to the same concerns.

3 The Parties to these comments expressly incorporate by reference their good faith offer dated
August 31, 1990 and their comments to the administrative order dated December 20, 1990.
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TRC's review of the IEUBK model demonstrates that Version 0.99d grossly
overpredicts blood lead levels at soil levels in excess of 500 ppm. The overprediction can be explained
and compensated for by adjustment of the absorption coefficient at appropriate levels of soil lead
concentration. Calibration leads to a model run which replicates the Exposure Study data set. When
the model is then used on the data set to replicate cleanup of houses included in the data set, it
demonstrates that soil cleanup first will not result in an appreciable decrease in blood levels, second
will not appreciably decrease the number of children with blood lead levels exceeding 10 ̂ g/dl, and
third can never reach U.S. EPA's stated goal of no more than 5% of the relevant population having
blood lead levels in excess of 10 ug/dL In fact, cleanup to 500 ppm rather than 1,000 ppm gains very
little, despite the $14 million to $67 million extra expense identified in the enclosed REACT Cost
Analysis.

Regarding U.S. EPA's critique, TRC questioned why U.S. EPA ran the IEUBK model
without utilizing the site-specific data set for house dust available from the Exposure Study. Failure to
use the data greatly skews the conclusions one can reach using the model and negates the conclusions
drawn by U.S. EPA.

2. The MLB Comment*

The MLB Comments conclude that the proposed 500 ppm cleanup standard is not
appropriate for the Site for the following reasons. First, U.S. EPA has not demonstrated that the
former smelter caused the soil lead levels at the Site because urban areas generally have higher soil
lead levels anyway due to their history of heavy truck and automobile traffic (lead gasoline residue),
older housing (lead paint), and various industries. Indeed, the Exposure Study demonstrates that soil
lead levels and blood lead levels at the Site are typical of similar urban communities. In addition, U.S.
EPA did not consider socioeconomic status and condition of housing even though both the Exposure
Study and U.S. EPA guidance recognize the importance of these factors on blood lead levels. U.S.
EPA also improperly discounted the beneficial effects of the follow-up counseling and education that
was conducted as part of the Exposure Study.

The MLB Comments also conclude that, contrary to its own guidance, U.S. EPA
improperly ignored the effects of lead paint in its application of the IEUBK model and, as a result,
overpredicted the magnitude of the contribution from soil lead. In addition, the MLB comments
question U.S. EPA's assumption regarding the effect of soil lead on dust lead. In assuming a soil to
dust ratio of 0.70, U.S. EPA improperly ignored the effects of lead paint on dust lead.

3. The McLaren/Hart Comment* on Proposed Plan, including the McLaren/Hart
Record Review and the McLaren/Hart Comment! on Exposure Study

McLaren/Hart analyzed the relevant documents in the Administrative Record as well
as the Exposure Study, U.S. EPA's critiques of the Exposure Study, and the author's response to U.S.
EPA's critique. McLaren/Hart concludes that the documents in the Administrative Record do not
support the selection of a 500 ppm cleanup level for residential soils but rather support a cleanup level
of 1,000 ppm or higher. Significantly, McLaren/Hart concluded that U.S. EPA did not properly take
into account the potential for sources of lead other than soil, including paint U.S. EPA also ignored
other site-specific factors in choosing its deanup standard at the Site.

McLaren/Hart also reviewed the Exposure Study and related documents.
McLaren/Hart concluded that the Exposure Study was of high quality and the condusions reached in
the Exposure Study were supported by the data and the statistical analysis performed. McLaren/Hart
also disagreed with the U.S. EPA critiques of the Exposure Study and conduded that, based on the
Exposure Study. (1) the lead levels in children's blood in the Madison County study do not indicate an
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imminent pub!;., health problem; (2) soil remediation is not likely to significantly reduce blood lead
levels in children in general; and (3) soil remediation is not likely to significantly reduce blood lead
levels in children with elevated levels of blood lead.

4. The O'Flaherty Comment*

Dr. O'Flaherty reviewed the Exposure Study, the U.S. EPA critiques of the Exposure
Study, and the author's response to those critiques.4 Dr. O'Flaherty generally supported the quality
of the Exposure Study as well as the conclusions in the Exposure Study and the statistical treatment
of the data However, Dr. O'Flaherty was particularly critical of U.S. EPA's critiques of the Exposure
Study, stating that many of the criticisms by U.S. EPA miss the mark and do not seem connected to
the section of the Exposure Study being commented upon. For example, Dr. O'Flaherty concluded
that U.S. EPA commenters do not seem to understand that the Exposure Study design was not the
conventional environmental epidemiology study design with an exposed community group and a control
group.

In addition, Dr. O'Flaherty was extremely critical of the assessment of the Exposure
Study conducted by A. H. Marcus. For example, Dr. O'Flaherty states that Dr. Marcus' conclusion
that soil lead and dust lead are contributors to blood lead, based on similar patterns of decreasing
concentration with increasing distance from the former smelter, is "absolutely unjustifiable" because
such simple correlations cannot support such a conclusion. Dr. O'Flaherty concluded her comments by
stating that the overall impression given by Dr. Marcus' reanarysis is that "the recommended soil
remediation level was predetermined" and that the reanarysis is "superficial and careless, and bears
little if any relationship to the data from the [Exposure] study."

5. The REACT Cost Analysis

The REACT Cost Analysis reviewed in detail the U.S. EPA cost estimates and the
amounts allocated for the remediation of the residential areas at the Site. REACT also conducted an
independent cost estimate for the residential cleanup for both a 500 ppm soil cleanup level and a 1,000
ppm soil cleanup level

REACT's analysis included, among other things, a review of the Explanation of
Significant Difference ("ESD") issued by U.S. EPA in January 1994 and the delivery orders related to
the removal action that was planned for seventy (70) residences in August 1994. REACT noted that
U.S. EPA has been very inconsistent with its use of its own cost estimates, constantly changing the
average per residence cost. In addition, REACT concluded that, based on delivery orders issued to
date, U.S. EPA was allocating approximately two to three times the amount of money per residence
than was actually needed, due in part to interagency mark-ups of contractor fees. As a result, the
residential soil cleanup under U.S. EPA's management would cost as much as $53 million more than if
the Parties conducted the same cleanup ($82 million vs. $29 million). REACT also concluded that U.S.
EPA's property characterization was flawed, creating the potential that entire properties would be
remediated where only hot spots exist.

In addition, REACT concluded that the estimated cost difference between a 500 ppm
level and a 1,000 ppm level ranges from $14 million to $67 million. The $14 million difference is based

4 Dr. O'Flaherty is an Associate Professor of Environmental Health and the Director of the
Toxicology Training Program at the University of Cincinnati College of Medicine. Her curriculum vitae
is included with her comments.
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on a comparison of REACT's cost estimate for the 1,000 ppm standard ($15 million) to REACT's cost
estimate for the 500 ppm standard ($29 million). The $67 million difference is based on a comparison
of REACT's cost estimate for the 1,000 ppm standard ($15 million) to U.S. EPA ^ cost figures for the
500 ppm standard ($82 million). As noted above and in the other attachments, no statistically
significant benefit in the protection of human health would result from the expenditure of this extra
$14 million to $67 million.

6. The Earth Sciences Report

The Earth Sciences Report analyzes the removal action that was conducted by U.S.
EPA, through the U.S. Army Corps of Engineers ("USACOE"), in August 1994 at certain residences in
and around Granite City.5 The original removal action was planned for approximately seventy (70)
residences; however, only a few residences were completed as a result of the lawsuit filed by the City.
See footnote 5.

The Earth Sciences Report identifies actual problems that were witnessed by Earth
Sciences during the removal action. For example, the report concluded that air monitoring conducted
by USACOE was inadequate for determining the lead levels to which on-site workers and nearby
residents may have been exposed In addition, the review of the work by Earth Sciences revealed the
following problems during the removal action: (1) inadequate site security, including the presence of
children at and around residences that were being cleaned; (2) cross-contamination of dean areas
outside the excavation zone; (3) (-"contamination of the residences being cleaned up; and (4) damage to
the City's infrastructure, including damage to sidewalks. The Earth Sciences Report is
because it reveals the «^"f| problems that will occur if the U.S. EPA Proposed Plan is implemented.

Choice of Residential Cleanup Level

In their good faith offer in 1990, the Parties committed to a compromise cleanup
standard of 1,000 ppm lead in soil The Parties continue to believe that the evidence, both in general
and that specific to the Site, supports a considerably higher level Evaluation of any cleanup remedy
must be consistent with the National Contingency Plan, rules promulgated by the agency pursuant to
CERCLA. The nine factors cited in the NCP for evaluation are: (1) overall protection of human health
and the environment; (2) compliance with ARARs; (3) long term effectiveness and permanence; (4)
reduction of toxkity, mobility, or volume through treatment; (5) short-term effectiveness; (6)
'mplementability, (7) cost; (8) state acceptance; and (9) community acceptance. The Illinois
Environmental Protection Agency has not spoken recently on the matter of Site cleanup. We are
aware that the agency did concur with the remedy five years ago. We do not know what the agency's
position is today. Consequently, the Parties limit their analysis to the remaining eight factors.

1. Threshold criteria: overall protection of human health and the
environment; and compliance with ARARt

As noted above, a 1,000 ppm cleanup standard is equally as protective of human health
and the environment as a 500 ppm standard. The Exposure Study and the attached reports reveal

5 The City of Granite City filed suit against U.S. EPA shortly after the removal action began and
requested a temporary restraining order (TRO*) to halt the cleanup. U.S. EPA voluntarily agreed to
stop the removal action until the hearing before the Court on the TRO. The parties reached a
settlement at the hearing which generally stated that U.S. EPA would only conduct residential soil
removal at a limited number of residences, and the City and the Defendants would be allowed to
conduct a recontamination study on those residences.
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that lowering the cleanup standard from 1,000 ppm to 500 ppm would not result in a statistically
significant reduction in blood lead levels. In addition, a 1,000 ppm cleanup standard complies with
ARARs to the same extent as a 500 ppm cleanup standard. For example, Illinois Department of Public
Health ("EDPH") regulations use a level of 1,000 ppm for the permissible limit of lead in soil which is
readily accessible to children. 77 Dl. Admin. Code sec. 845.50(b). IDPH actually increased the level
from 200 ppm to the current 1,000 ppm level in February 1993, realizing that 1,000 ppm was
sufficiently protective of human health and the environment.

2. Primary balancing criteria: long-term effectiveness and permanence;
reduction of toxicity, mobility, or volume through treatment; short-term
effectiveness; implementability; and cost

The long-term effectiveness and permanence criteria as well as the reduction of
toxicity, mobility, or volume through treatment criteria would be satisfied to the same extent for a
1,000 ppm cleanup standard as it would for a 500 ppm standard. In addition, the short-term
effectiveness and implementability criterion actually favor implementation of a 1,000 ppm standard
instead of a 500 ppm standard. As noted above, the Earth Sciences Report reveals the serious short-
term effectiveness and implementation problems associated with large-scale residential soil removal,
including site security, cross-contamination, recontamination, and infrastructure damage. Furthermore,
we understand that the City will be submitting comments amplifying the short-term effectiveness and
implementation problems associated with residential soil removal, including traffic-related problems and
the negative economic impact of the proposed cleanup.

In addition, the cost criteria in the NCP supports the 1,000 ppm standard over the 500
ppm standard. As noted above and in the REACT Cost Analysis, the cost difference between a 500
ppm standard and a 1,000 ppm standard ranges from $14 million to $67 million. This is an
extraordinary amount given that no statistically signifimnt reduction in blood lead levels would occur if
a 500 ppm standard were chosen over a 1,000 ppm standard. CERCLA and the NCP mandate that
U.S. EPA consider cost in selecting a Superfund remedy. Selecting a remedy that costs $14 million to
$67 million more than an equally protective remedy would be a clear violation of this mandate.

3. Modifying criteria; community acceptance

Through two separate administrations, the City of Granite City has consistently voiced
its objection to the 500 ppm proposed cleanup standard. For example, when U.S. EPA filed its lawsuit
against the Parties, the City intervened as Intervenor-Defendanta. In addition, when U.S. EPA began
a removal action on certain residences in August 1994, the City sued U.S. EPA to stop the removal
action. We also understand that the City win be submitting a separate set of comments today
objecting to the 500 ppm cleanup level in the Proposed Plan. U.S. EPA quite obviously does not have
community acceptance of its proposed remedy.
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In sum, the Parties do not believe that the 500 ppm residential soil cleanup level as
chosen by U.S. EPA in the Proposed Plan is appropriate for the Site. U.S. EPA's selection of the 500
ppm level as the final residential soil cleanup standard would violate the NCP and constitute arbitrary
and capricious conduct. The Parties believe that a much higher standard would protect both human
health and the environment and save at least $14 million to $67 million.

Sincerely,

Louis F. Bonacorsi

Joseph G. Nassif

Dennis P. Reis

Attachments

cc: John H. Grady, Esq.

0012200.01 January 13, 1996
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